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Sintesi

In questa tesi vengono presentati due studi diitere

Il primo, svolto sotto la supervisione del profagsd®. Ajmone-Marsan dell’Universita
Cattolica del Sacro Cuore di Piacenza, consistm@ricerca svolta nel quadro di un progetto
finanziato dalla Comunita Europea, chiamato ‘BovGeer lo sviluppo di tecnologie utili
allo studio del genoma bovino. In particolare ibgetto prevedeva lo sviluppo di @nray
contenente 20000 ESEXpressed Sequence Target) bovine non ridondanti, di una mappa RH
(Radiation Hybrids) bovina ad alta risoluzione finalizzata alla costone di mappe
comparative uomo-bovino, 'assemblaggio dei framtinkeavini genomici gia sequenziati in
un unico contig e il completamento della sequenza dell'intero gemobovino. Questi
strumenti permettono lidentificazione molecolarelce studio dell’espressione genica di
caratteri importanti per il miglioramento genetidei bovini e una migliore qualita della
produzione alimentare.

Nelllambito di questa tesi inizialmente é statdugppata una mappa RH del genoma bovino
ad alta densita di marcatori. In particolare, lappes € stata costruita attraverso la
caratterizzazione genica di un pannello 3000-ra84diinee cellulari ibride bovino-criceto,
precedentemente sviluppato al Roslin Institute dintburgo, aggiungendo nuovi marcatori
alla mappa RH bovina di prima generazione (Willieinal., 2002).

Il pannello e stato tipizzato con marcatori ESTpmtana, un set non ridondante di EST e
stato selezionato da una libreria di cloni a cDNgkivhnte da cervello bovino (Herwing et al.,
dati non pubblicati); tali EST sono state quindjwenziate e allineate con la sequenza del
genoma bovino e, tramite il softwaRolyprimers (http://www.unitus.it/SAG/primers.z)p
sono state disegnate coppie di primer in gradargilificare le EST nel genoma degli ibridi
bovino-criceto.

A seguito dello screening tramite PCR del panniBltb 2473, ai 30 cromosomi bovini sono
stati assegnati nuovi marcatori che sono stathénintegrati nella mappa precedente: questa
conteneva gia 1497 marcatori, di cui 262 marcatiP (Amplified Lenght Polymorphism) e
altri marcatori, tra cui microsatelliti, BA@écterial Artificial Chromosomes), end sequences

e EST gia localizzate. La mappa di ogni cromosonstata disegnata utilizzando software
quali RH Mapper (Slonim et al.,, 1997) &arthagene (Schiex and Gaspin, 1997) ed é
disponibile al sitdittp://www.thearkdb.or@ArkDB public database).

La lunghezza totale della mappa prodotta € 760 Rdgsdistanza media tra due marcatori &
19cR.

La mappa di ogni marcatore e stata allineata ergoteita con la mappa RH lllinois-Texas
(ILTX) (Everts-van der Wind et al.,, 2004), precetdegnente costruita caratterizzando un
pannello RH 5000-rad di 90 linee cellulari ibrid&dmack et al., 1997), e con la recente
mappa bovina genetica di linkage MARC 2004 ad a@#tasita di microsatelliti (Ihara et al.,
2006). Inoltre, la mappa RH sviluppata durante tpuéss/oro di ricerca e stata confrontata
con la versione piu aggiornata della sequenzaeat@ma bovino (Btau_2.0).




Questa analisi ha evidenziato che I'ordine dei rt@rt lungo i cromosomi della mappa RH
prodotta € in generale accordo con le prime duepmamentre si osservano maggiori
inconsistenze tra la mappa prodotta e il recerdenablaggio della sequenza bovina: questo
ha permesso di individuarne gli errori e di mighiore la successiva versione.

Il secondo lavoro di ricerca svolto di questa tesplto in Francia presso I'INRA (Institut
National de la Recherche Agronomique) di Jouy-esadosotto la supervisione di F.
LeProvost, ha avuto come oggetto il ruolo dei nfiRi¥&\ durante lo sviluppo della ghiandola
mammaria.

I microRNA sono una classe di piccole molecole lagici, e spesso inibitrici,
dell’'espressione genica. Dal momento che numeroskereze sperimentali dimostrano che
guesti piccoli RNA non codificanti possiedono uwlouchiave nei processi di proliferazione,
differenziazione cellulare e organogenesi (Ambi2@04; Jason et al., 2006 etc..), &€ stato
ipotizzato un loro coinvolgimento anche nello sppo della ghiandola mammaria di topo
durante il ciclo riproduttivo.

Tramite la tecnicdorthern blot, € stata esaminata I'espressione nella ghiandatamaria di
topo di un primo gruppo di 25 microRNA, scelti daletteratura tra quelli espressi nella
ghiandola mammaria del’'uomo o perche differenzeite espressi in tessuti cancerosi della
mammella umana.

Fra i microRNA testati, 10 sono risultati espremsihe nella ghiandola mammaria del topo e
ne € stata caratterizzata I'espressione duranteersil stadi dello sviluppo: lo stadio di
vergine a 4 e a 8 settimane; durante la gestazeioea 6, a 9, a 12 e a 18 giorni; durante la
lattazione, a 1 e a 3 giorni, e, dopo l'allontanatoedei piccoli, durante lo stadio di
involuzione, a 1, a 3 e a 6 giorni. La quantifioaez dell’espressione genica ha dimostrato un
andamento variabile nei diversi stadi del cicloraguttivo, che denota un controllo
dell’espressione genica dei microRNA durante ldugpygo dell’organo.

Ogni microRNA ha un profilo tipico d’espressioneitthvia sono state osservate alcune
caratteristiche comuni a tutti i piccoli RNA, quaha diminuzione dell’espressione durante la
lattazione e un incremento durante l'involuzioneie§o potrebbe suggerire una correlazione
con lo sviluppo del tessuto epiteliale, che raggeuit completo differenziamento durante la
lattazione e va in apoptosi allo stadio dell'invmbne, oppure una correlazione con
'andamento di alcuni ormoni importanti nello sypo della ghiandola mammaria, quali la
prolactina.

L’esame dell’espressione dei microRNA e stato ajomdito ricercando I'origine cellulare
della loro produzione tramite analiNbrthern blot di ghiandole mammarie prive di tessuto
epiteliale di topi precedentemente operati. || confo con ghiandole mammarie normali ha
dimostrato che i microRNA analizzati vengono esgirasche in ghiandole mammarie prive
di tessuto epiteliale. Inoltre I'espressione genitagquesti microRNA e stata ricercata e
verificata in 9 differenti organi murini ed é staiecontrato che essi non sono specifici della
ghiandola mammaria.



Una libreria di cloni di microRNA € stata costru@gartire da RNA estratto a differenti stadi
dello sviluppo dellorgano (vergine di 8 settimargegstazione a 2, a6, e a 18 giorni,
involuzione a 1 giorno) seguendo il protocollo digos-Quintana et al., 2003.

Sono stati clonati 64 frammenti non-ridondanti a@eélinghezza tipica di un microRNA (19-
25 nucleotidi).

Le sequenze dei frammenti clonati sono state a@bzper identificare la loro eventuale
identita o omologia di sequenza con microRNA gigpaditati nel microRNA Registry
(http://www.sanger.ac.uk/Software/Rfam/mimda presenza nella libreria di due piccoli
RNA noti, let-7b elet-7c, ha convalidato la tecnica utilizzata in questmta di tesi.

Allo scopo di identificare e convalidare i microRN#esenti nella libreria, le sequenze dei
frammenti clonati sono state mappate nel genomanmyhnttp://www.ensembl.onge, per
una frazione di queste (10 frammenti), € statagitadtramite 'uso del programnifold,
(www.bioinfo.rpi.edu/applications/ mfold/old/rna), la struttura secondaria tipica del
precursore di un microRNA nella regione genomickbcdilizzazione.

Successivamente, per 5 potenziali microRNA cloratstata verificata e caratterizzata
I'espressione a diversi stadi dello sviluppo dekigniandola mammaria e in 9 altri organi
murini. Questi piccoli RNA hanno dimostrato avere profilo variabile durante lo sviluppo
dell’organo ed essere espressi in tutti i tessuiche se prevalentemente nella ghiandola
mammaria.

Infine per altri 2 potenziali microRNA e stata intdoe verificatain vitro la maturazione a
partire dall’espressione del potenziale precursdimostrando I'attivita dell’enzima che
taglia il precursore generando il microRNA matufenzima Dicer e confermandoli quali
candidati microRNA.
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General introduction: The aims of genomics in the 2's century era

Genomics is the scientific study of structure, timcand interrelationships of both individual
genes and the genome in its entirely.

Recognition of DNA as the hereditary material, deieation of its structure, elucidation of
the genetic code, development of recombinant DNéhrielogies and establishment of
increasingly automatable methods for DNA sequenskigtgin the 1990 the stage for Human
Genome Project (HGP) and parallely the stage fdrerst genome projects regarding
microorganisms, invertebrates, fish and mammalgairticular the mouse, the rat and the
farm animals.

Current progress in genetics, comparative genonticgshemistry and bioinformatics can
bring insight into the functioning of organism iedith and disease at the cellular and DNA
level. The genomics becomes the central and cohetiscipline addressed to biomedical
research and the genome sequences, the complexfopiation that guides biological
development and function of organisms, lie at tbgitning of any molecular discovery.

The main aim of the genomics after the completeusecing of some model organism
genomes, like, for exampl€aenorhabitis elegans, Drosophila melanogaster, Mus musculus
and, ultimately in 2003Homo sapiens, is to enlarge bases knowledge in order to improve
human health and well-being. In particular the geits needs to extend the knowledge of all
the components encoded in the human genome, detetmoiv they function in an integrated
manner to perform cellular and organism functiamsgerstand how genome changes and
takes on new functional roles.

Actually the human’s genome structure is extra@dipy complex and its function poorly
understood. Only 1-2% of its bases encode prot@nisan equivalent amount of the non-
coding genome is under active selection, suggestmgnportant function in the controlling
the expression of 30000 protein-coding genes antaohpther functional elements, like non-
coding genes and sequences determinants of chromeodgnamics. Even less is known
about the function of half of the genome, thatsists of highly repetitive sequences or the
remaining non-coding, non-repetitive DNA.

A first objective of genomics is to catalogue, @waerize and comprehend the entire set of
functional elements encoded in human and other geeo Comparisons of genome
sequences from evolutionary distant species hawrgad as a powerful tool for identifying
functionally important genomic elements; from thertebrate genome sequences analyses
many previously undiscovered protein-sequencing geere revealed; mammal-to-mammal
sequence comparisons have revealed large numbdrsnoblogies in non-coding regions,
defining them in functional terms. Not only the dtuof genome sequences inter- species is
crucial to the functional characterization of thertan genome, but also the study of sequence
variation intra- species will be important in defig the functional nature of some sequences.
As a larger knowledge of genome function is acqguinew computational tools for the
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prediction of the identity and behaviour of funci@ elements has emerged. Moreover
genomics has to understand the interactions betgepas and genes products, the complex
networks that give rise to working cells, tissu@gians and organisms.

The finding of the study of simple model organisrike bacteria and yeast, have been
extended to more complex organisms, such as thesenand the human. Also few well-
characterized systems in mammals have been usefuiscover biological molecular
pathways. A complete understanding of the workiallsaequired information from several
levels : it was necessary to simultaneously mortiterexpressions of all genes in a cell and to
measure in real-time the localization, the modifas and activity of the gene products. For
this reason new molecular techniques arose : tobeoarray, to analyze the transcriptome, the
entire set of transcripts of a cell; the in-sitibhglization, to follow the presence of a protein
in a tissue in vivo; the bidimensional electroplsiseto study the abundance and the
composition of a set of proteins present in a@elh a tissue, giving birth to the proteomics.
Many other techniques that modulate temporally @nspatially gene expressioirsvitro or

in vivo, like gene-knockout methods, knock-down approacres the recent use of small-
molecule inhibitors of specific transcript, deveddpafter the discovery of a new regulatory
class of small non-coding RNA and their mechanidgnaation, generally called the RNA-
interference.

The final objectives will be to identify the genessponsible for human phenotypic
differences, or traits, and in particular the viamias in DNA sequence that are correlated to
common diseases and responses to pharmacologieatsageven if the expression of a
pathology is a condition that has a complex origind involves the interplay between
multiple genetic factors and non-genetic factoilsg lenvironmental influences. For these
reasons several projects aimed to identify alldimgle nucleotides polymorphism (SNP) in
the DNA sequence (i.e. single base deletions asdrtions) of the human and model
organisms genome, have been established alonggagon of large-scale genetic association
studies.

Moreover it should be considered that the genetiation responsible of normal and disease
state, is also a result of the modifications of ge@ome subjected to the forces of evolution.
Thus, a complete elucidation of genome functioruireg the parallel understanding of the
sequence differences across species, in ordedémtify functional elements; provide insight
into the distinct anatomical, physiological and elepmental features of different organisms;
define the genetic basis of speciation; characehiz mutational process, which drives not
only long-term evolution, but that is also the @ao§inherited genetic disease.

The sequencing of human genome provides an ungiadllopportunity to advance our
understanding about the role of genetic factofsuman health and disease, and to apply this
insight to the prevention, diagnosis and treatnoérdiabetes, cancer, obesity, heart disease,
Alzheimer’s disease, etc. . The actual genomicsvenge and the new molecular tools are
able to understand and reclassify all the humaesbes. In fact, the systematic analyses of
somatic mutations, epigenetic modifications, geaesl proteins expression and protein
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modifications should allow the definition of a nemolecular taxonomy of illness, that could
be the basis for developing better methods for disease detection and more effective
treatments. Such ‘sentinel methods’ might includalgsis of gene expression in circulating
leukocytes, proteomics analysis of body fluids, aatbed molecular analyses of tissue
biopsies. The genetics discoveries will favour atlke therapeutic design and the drug
development, if we consider that at the presentpi@maceuticals on the market target
approximately 500 human products, comparing to30@00 protein-coding genes present in
the human. A particular promising example of theggbased approach to therapeutics is the
application of chemical small molecules that act pasitive or negative regulators of
individual gene products, pathways or cellular pgpes, after the screening and the
understanding of biological functions of small R#lecules, like microRNA (Collins et al.,
2003).

Genomics now provides more and more powerful tmisinravelling the molecular basis of
phenotypic diversity also in domestic animals, gahome research in livestock differs in
several respects from that in humans or in experiai@rganisms, because it is not oriented
to the identification of monogenic loci responsibleinherited disease. For decades breeders
have altered the genomes of farm animals in seafr@ desired phenotypic trait and then
selecting for it. This genomic work has alreadyilfiated a reduction in genetic disorders in
farm animals, as many disease carriers are remiwgadbreeding populations by purifying
selection.

Nowadays genomic research in farm animals is atetd the study of traits of economical
interest, like growth, milk production and meat kifyathat have a multifactor background
and that are controlled by an unknown number ohtjtadive trait loci (QTL).

Quantitative traits, such as weight and lengthwshocontinuous distribution of phenotype
values rather than the discrete values observedafgualitative trait. They are usually
controlled by multiple genes and influenced by emwnental factors. A quantitative trait
locus is defined as a genomic region that contams or more genes affecting the same
quantitative trait. The number of QTL that contralgyiven trait is not absolute and, in a
statistical model, could be infinite, each genesryoag an infinitesimal effect on the
phenotype. The main goal of genome research istlyk is to map and to characterize trait
loci controlling various phenotypic traits. This queres powerful genome resources
(Andersson, 2001).

Livestock genomics has followed in the footsteps iiiman genome research, adopting both
its successful strategies and technologies. In, tiwrestock genomics contributes to inform
human genomes and to understand evolutionary #isiod its underlying mechanisms.
Moreover farm animals were shown to be quite vdriabsources as models for pathology
and physiological studies. For example the repriddeighysiology of domestic animals is
more similar to humans than that of rodents, bexéarsn animals have longer gestations and
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pre-pubertal periods than mice; specific physiatagiraits, such as the digestive system of
the pigs, are similar to those of humans.

In addition agricultural science has a unique raspmlity to human health and social
stability, that is feeding an expanding world p@tign while minimizing environmental and
ecological risks. The identification of DNA variati in livestock genomes that predisposes
health and productivity with less reliance on hone® antibiotics and pesticides, will remain
a concern for some time. Ultimately DNA analysienfr animal tissue can be used as an
inexpensive method for tracking the origin of meainple, providing the quality assurance
for the consumers.

Early attempts to construct whole-genome mapsvektock species were based on the two
technologies underlying the first human genome magsmatic cells genetics and situ
hybridizations (Womack and Moll, 1986, Yerle et al., 1995). Thesmly maps defined
synteny (genes on the same chromosome but notsaitgdinked) and cytogenetic locations
of sequences hybridizing specific DNA probes. Thiasgéing were extremely important for
the first comparative mapping because the markesse vgenes or gene products highly
conserved across mammalian genomes.

Modern genomics in livestock had its formal originsa series of conferences in the early
1990 in which international teams of animal genstsclaunched both formal and informal
genome projects for some of the most widely usesktock species. From that moment dense
microsatellite maps, large-insert yeast artifictdromosome (YAC) and bacterial artificial
chromosome (BAC) libraries, radiation hybrid paii@H) were used for some livestock
species, like cattle, pigs, sheep, horses, rivéfialoes, goats, rabbit, chicken and some fish
like zebrafish, medaka, pufferfish and the sticklgts in order to localize trait loci. Linkage
genetic maps, using microsatellite on the firstgiowgenetic maps, the clonage and the
characterization of interesting loci in the BAC andAC libraries, high-resolution
comparative map using the RH strategy, and thegdhgsical maps were developed.

The development of species-specific array and thdyztion of specific transcript profiles
started after the development of large collectidnsequenced cDNA clones and the
corresponding production of the expressed sequtag® (ESTs) for many farm animals.
ESTs are small pieces of cDNA sequence (usuallyS8@0nt long), which are useful as
markers for a desired portion of RNA and DNA thah de used for gene identification and
gene localization within a genome. The National t€eof Biotechnology Informatio(NCBI)
provides the most comprehensive EST database foy fiaam animals, while in the Ensembl
database hitp://www.ensembl.orgy/is possible to find a summary of current analysas
coding regions within genomes for selected farnmaifs. Mapping information are available
on the NCBI sitéhttp://www.ncbi.nlm.nih.gov/mapview/map_search.taxr=? substituting
the last ‘?” sign with the species taxonomic numper 9031 for the chicken, 9913 for the
cow, 9823 for the pig, 7955 for the zebrafish, 98#Qhe sheep, etc. ..).
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Selection for desirable traits, or conversely, c@a against undesirable traits, has been
practiced since the domestication of animals begone than 10000 years ago. There has
been a long tradition of collecting and analysirggadon phenotypic traits for breeding
purpose in farm animals, and the most common glyater finding trait loci was to use
existing pedigree. This approach was easy in fatrmas because of the large family size;
for example, the artificial insemination in catddows to have a 1000 progeny from a single
male. The promise of more accurate, efficient aoodnemical selection that will produce
offspring with desirable phenotypes, underpins bstantial portion of the founding for
livestock genome projects over the past two decades

The early linkage maps for most livestock specieseveonstructed as tools for mapping traits
and for developing molecular markers useful in reassisted selection (MAS). However
the ultimate goal when mapping trait loci, theralite marker for MAS, is the identification
of the causative mutations underlying the selepteghotype. Positional candidate cloning is
the main strategy for this purpose. High-resolutizepping is necessary to restrict the region
of interest that could contain the QTL and the nembf potential candidate genes.
Information on map location and gene function isntitombined to identify more precisely
positional candidate genes, which are subsequewiyuated by mutation screening and
functional analysis. The difficulty in identifying QTL could increase if the QTL mutations is
situated in regulatory rather than in coding regiand the phenotypic effect is shifty,
compared with simple loss-of-function mutations tteuse inherited disorders.

Although mapped QTLs in livestock number in the dnexals, very few mutations underlying
quantitative trait variation have been identifigétie trait loci for which the causative gene and
mutation have been identified or for which thisigpected in the near future are monogenic
traits of economic and biological interest : thatcoolour of the pig, in which the dominant
white colour is determined by a mutation in the Ki@nhe, encoding the mast/stem-cell growth
factor receptor; the body composition, in particulze relative proportion of muscle to fat
tissue, in pigs, cattle and sheep, in which difiergenes have been proposed as candidate
genes provoking particular phenotypes, like thebtisnuscling phenotypes in cattle or the
muscular hypertrophy in sheep; fertility traits afeo studied in different species like sheep
and pigs; monogenic disorder like the bovine leyk®cadhesion deficiency, caused by
missense mutations ITGB2.

Others monogenic disorders have been analysedhandotresponding causative mutations
have been catalogued in the ‘Online Mendelian litdwece In Animals (OMIA) database
(http://www.angis.org.au/omg/In this site is possible to find the list of #ifle single-locus
traits mapped in cattle, pig, sheep, horse, and gdach counts hundreds of genes, and the
relative proportion of genes for which the causatimutations have been identified,
approximately one-third of them. Till October 20M8omack et al., 2006) there are only two
example of the causative mutation underpinning@ié.s, both in dairy cattle, and both
controlling the fat composition of milk : the firsliscovery of quantitative trait nucleotide

15



(QTN) was found in the DGAT1 locus on chromosome(G4isart et al., 2004), and the
second one was found in tABCG2 gene on chromosome 6 (Cohen-Zinder et al., 2005).
Ultimately the general disease resistance to path®gs attracting attention both to improve
animal welfare and to reduce losses in productioa tb disease. Several studies on the
relationship between genetic variation and disesssstance have focused on major
histocompatibility complex genes. Target diseases the trypanosomiasis in cattle; the
oedema disease in pigs, that is caused by theistity to Escherichia coli infections; the
Marek’'s disease (MD) in the chicken, that provokdymphoproliferative disease. The
identification of QTLs for disease resistance we$tock may be the next frontier for the
domestic animal genomics, in order to the undedsthe host-pathogen interaction and the
subsequent improvement of both animal and humalthhéankage disequilibrium mapping
will be a very powerful approach for mapping anwting trait loci in domestic animals once
dense SNP maps become available and the costfiotygeng is reduced. Current initiative
to develop complete BAC contigs of farm animal geee will produce large-insert contigs
covering the region of interest as soon as altraits is mapped. Such large-insert contigs can
then be used to build a preliminary transcript n@pthe region by high-resolution
comparison with the corresponding region in humansiice. The completion of the farm
animal genome sequencing will provide the reseascivth the possibility to analyze the
phylogenetic conservation of a causative mutatiod #&s functional role, that will be
evaluated later by experimentation. In this wagauld be possible to unravel the molecular
basis for a variety of phenotypic traits of agriaul, biological and medical significance.

In this thesis two different studies are proposed.

The first part of my work describes a researchudet! in the E.U. funded project ‘BovGen’,
aimed to develop advanced genomic tools usefululyshe molecular and genetic control of
important traits in cattle. In particular, only aspect of the project is described : the
construction of a high density RH map of bovine @yae, which was developed under the
initiative and the responsibility of the Instituté Zootechnics of the Faculty of Agriculture of
the Catholic University of Piacenza, (Italy), hayithe professor P. Ajmone Marsan as
supervisor.

The second part discusses the involvement of mNARan important class of expression
regulatory elements in the genome, during the nbdezelopment of the mammary gland in
a model organism, the mouse. The study of thesdategy elements intends to enlarge bases
knowledge about the genetic mechanisms that cottielproliferation, differentiation and
apoptosis of cells in the tissues composing mammgé&ayd during the reproductive cycle.
This work was supported and conducted by the Laboreof Biochemical Genetic and
Cytogenetic (LGBC) at the INRA (Institut Nationa¢ ¢ Recherche Agronomique) of Jouy-
en-Josas (France) under the responsability ofePravost.

The study of some functional elements of the mogseome, required mouse sequence
information available on the Ensembl database,kiham a previous work of construction of
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physical maps and genome sequencing in the monamgous to what has been done for the
cattle in the BovGen project. The complete genoetgisncing of the bovine was considered
an important task in genomic research, a necessepynot only to increase genetic data on
this economically important species, but also bseanf its general utility in the construction
of comparative maps and in the identification ofvngenes or new regulatory conserved
elements. Moreover the study of the microRNA fumttin mammary gland opens the way to
the discovery of biological mechanism of cellulaolgeration, that could be correlated to the
development of breast cancer, but also to the desgoof molecular mechanism that guides
epithelial tissue differentiation till the produmti of milk. In the future it could be possible
that the new finding in the mouse could be appledhe bovine, to increase the milk
production or to control the timing of lactation.

Recently a new study (Clop et al., 2006) about & @introlling meatiness in Texel sheep,
demonstrated that the causal mutation in this speasilocated in the myostatin gene (GDF8)
and that a G to A transition in the 3' UTR of theng creates a target site for two known
microRNA, miR-1 and miR-206, which causes transtai inhibition of myostatin gene and
the muscular hypertrophy, showing how the knowleolgdae mechanism of action of
microRNA and the use of instruments like genetipman fuse and focus on particular
biological aspects, like the study of economicatiportant QTLs.
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First part : A High-density radiation hybrid map c onstruction

I-Introduction

I-1 The objectives of livestock genomics

The detection of loci affecting economically impont traits represents a major objectives in
livestock genomics. It should ultimately lead to rmefficient breeding schemes (marker-
assisted selection or MAS) and improve the accueawy intensity of selection programs
(Georges and Andersson, 1996; Haley, 1995). In pgbispective genetic maps have been
constructed in various livestock species, like heyisheep and goat, to detect regions
containing genes and QTL. The identification of gerand cloning of the corresponding
genes may be achieved by standard positional apt@king advantage of the existence of
large insert libraries and searching for transaribequences in these regions.

Cattle are a major economic resource worldwiderefioee there has been considerable
interest in the identification of genes that areolmed in improved cattle production.
Numerous reports have identified genomic regiorsesponding to economically important
traits in cattle (Georges and Andersson, 1996; @=pr1999), based on low to medium
density genetic linkage maps of the bovine genome.

I-1l Genetic maps : brief history

A genetic map shows the relative position and oodemarkers along the chromosomes of
the genome. Genetic mapping is based on the extaninaf a segregating population, that
could be experimental, created for example by eboesding experiments, or natural, such as
a family, following the principle of inheritance &sst described by Mendel in 1865 in his
two lows of Genetics, about the segregation of pretielent genes.

The first genetic maps were constructed in theyaetades of the 20th century for organisms
such as fruit fly and used simple features inhérde genetic base like markers, even before
the discovery that genes are segments of DNA. Gemes looked on as abstract entities
responsible for the transmission of heritable otterestics from parents to offspring. To be
useful in genetic mapping a heritable characteristust exist in two alternative forms or
phenotypes, each specified by a different allel¢hefcorresponding gene. In the beginning
the only genes that could be studied were thosafgp® phenotypes that were distinguished
by visual examinations, like genes for the bodyrtatye color, wing shape, but soon it was
realized that only a limited number of genes hadear phenotype and in many cases the
analyses is complicated because more than oneajfswts a single physical feature. It was
necessary to find characteristics that were moreemaus, more distinctive and less complex
than visual ones. The next markers used were bmoiclaé phenotypes, easy to detect in
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microbes and humans, like antibiotic resistancarominoacid request for the bacteria and
yeast growth, or the blood groups and immunologmalteins such as human leukocyte

antigens (the HLA systems) in humans.

Soon it was accepted that a map based entirelyngples phenotypes is not detailed because
the genes are widely spaced out in the genomelarigfe gaps between them and moreover
only a fraction of the total number of genes existllelic forms that can be distinguished

conveniently.

I-11l Molecular markers

Mapped polymorphisms that are not genes are c&leé or molecular markers. To be
useful they must exist in at least two allelic ferm

Many types of molecular markers with different cweristics were developed using
different molecular techniques that analyze théatian in the sequence of DNA.

The first ones were the restriction fragment lengtiymorphisms (RFLP), produced after
treating the DNA with a restriction endonucleaske Bet of fragments produced can vary if
there are single base variations in the DNA sequericthe restriction sites, leading to a
length polymorphism of the fragments.

Others molecular markers that are generated frogukar base variations of the sequence of
DNA were developed later and they can be produéied sequencing of DNA, such as the
Single Nucleotide Polymorphism, the SNP markersuging the PCR (Polymerase Chain
Reaction), like the Random Amplification PolymorpHDNA or RAPD markers, or by a
combined use of restriction endonuclease and PG¢h, as the Amplifyed Fragment Length
Polymorphism or AFLP markers.

Another class of molecular markers, widely usethim construction of high-density genetic
map, are the Simple Sequence Length Polymorphis@®ShPs markers, that comprise the
minisatellites and the microsatellites. The SSLRstandemly repeated sequences that show
length variation, in the minisatellite the repeatsts comprises from tens to a few hundred
nucleotides, while in the microsatellite the repeare shorter, usually di-, tri- or
tetranucleotide units. These variations of the nemdf repeat sequences in the DNA take
origin from “errors” during the duplication of DNAuring meiosis. It is possible to identify
the SSLPs markers by PCR because the sequenceénflatiiem are usually single copy
sequence in the genome. Microsatellites are mongulpo and used compared to the
minisatellites, because microsatellites are morewveniently spaced and distributes
throughout the genome and because they are shodeherefore easily to type by PCR.

19



I-IV Genetic linkage maps

A genetic linkage map is based on the principlegehetic linkage, first discovered by
Bateson, Saunders and Punnet in 1905, but not duiderstood until Thomas Hunt Morgan
began his work with fruit flies in 1910-11. Thisinmiple sets that chromosome are inherited
as intact units and then pair of genes locatechersame chromosome are physically linked
together and should be inherited together if amggsing-over event recombins homologous
portion of two paired chromosomes during the meio$he probability that two different
genes localized on the same chromosome are inthéoigether is proportional to the physical
vicinity of the two genes considered and inversEyrelated to the number of crossing over
events that could occur between two genes localizatistant part of a chromosome. The
localizations and orders of markers along a chramasin genetic linkage map reflect a
measure of probability. The distance between markenot physical, but it is measured in
centiMorgans (cM), 1 cM corresponding to 1% of freqcy recombination between genes.
The real distance in base pair, kilobase or megabasveen markers and genes is measured
only in physical maps, that are not produced usifigymation from breeding experiments or
pedigrees, but examining directly the DNA with nwmllar biology techniques in order to
localize markers on different portions of a chrooros.

SNP and microsatellites, due to their high abundancthe genome, are getting more and
more importance in linkage genetic maps and ideatibn of QTLs. Microsatellites are
excellent genetic markers because of their higlyrpotphism, different alleles containing
different numbers of repeat units, comparing to3h#, which has only two alleles.

Genetic linkage maps, based primarily on highlyypwrphic, anonymous microsatellite
markers, have been important in identifying chroomeal regions influencing economically
important traits in cattle (Casas et al., 2001; Niitand Grosz, 2002; Li et al., 2002).

Cattle genetic linkage maps were constructed ir¥ Mi¢h 746 markers (Barendse et al., 1997)
and 1250 markers (Kappes et al., 1997), the latter spanning 2990 cM, was characterized
by an average interval of nearly 3.0 cM.

This cattle genetic map was probably sufficienassign hereditary phenotypes to specific
chromosomes, but not to fine-map them. An intengfferts to develop more markers to
narrow the critical region was required. Howevée time, labor and cost per marker of
isolating DNA markers from a specific chromosonegion was substantially greater than
randomly isolating markers.

Thus a random isolation of microsatellite, from rogatellite-enriched libraries (Stone et al.,
1995), was chosen to enrich markers across thenggnbhe microsatellites were genotyped
and assigned to chromosomes by multipoint linkagdyais using the CRIMAP software and
a new high density bovine genetic map consisting3860 markers, including 3802
polymorphic microsatellite and 79 SNPs, with anrage marker interval of 1.4 cM, covering
3160 cM for each of the 30 bovine chromosomes, prasiuced. This map represented a
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powerful resource for fine-mapping of QTLs and aaje backbone for the development of
well-annotated gene maps in cattle and other iitlspecies.

Recently Ihara et al. (2004) improved this catéaefic map and developed a microsatellite-
based high-density genetic map on the basis of thare 880000 genotypes across the USDA
MARC cattle reference families with a potential ge&a resolution of 0.8 cM at the 95%
confidence level (approximately 800 kb in the bevgenome).

[-V Somatic hybrids and FISH

There are different kind of physical maps, produwaetth many molecular techniques, that
have different degree of resolution in the assigmroégenes to chromosomes.

The first crude mapping of genes on chromosomesobtsned in human by Ruddle in 1972
fusing irradiated human cells with rodent cells abderving the generation of mononucleate
hybrid cell lines capable of indefinite multiplicat that, after the application of selective
media, express human biochemical markers in aggmtiavith the retention of human
chromosomes. In the hybrid cells most of the hunchromosomes were rapidly and
preferentially eliminated and with appropriatedrstd preparations it was possible to identify
the human chromosomes detecting their specificibgrmhtterns (Goss and Harris, 1975).
The correlations between the retention of humahsmical markers in hybrids cells with
the retention of identifiable chromosomes permittedassign 50 human genes to specific
chromosomes. The identifications of the positiorgenes within the chromosome has been
achieved in the beginning by exploiting translomasi that segregate linked markers (Boone
et al., 1972; Gerald et al., 1974), even if thighod couldn’t be applied to every genes, but
only to the genes that are localized into a segnoérthromosome large enough to be
identified in a translocations.

Recently a bovine/hamster hybrid cell panel coimgsiof 30 independent hybrids was
developed to locate genes (Itoh et al., 2003). Tharacterization of the panel by typing 279
microsatellites markers revealed the presenceldioaine chromosomes in either entire or
fragmented form. The panel was also charactesmatdEST and 1400 EST were assigned to
specific chromosomes, thus making this panel aulisebl to the regional mapping of new
genes to cattle chromosomes.

The most direct way to localize a genomic segmerda chromosome is to use locus specific-
probes in than situ hybridizations, that is able to visualize the target within atigatar
banding patterns along chromosomes. The receniageuent of the in situ hybridization is
the fluorescent in situ hybridization, or FISH, @ltb analyze the position of more than one
probe on chromosomes at the same time, by labaliffgrent probes whit different
fluorescent molecules and the FIBER-FISH, whiclegithe possibility to hybridize specific
probes directly on a single starnd of DNA attactwed solid support.

21



However the resulting cytogenetic map has lowegreke of resolution compared to other
kind of physical map constructed with different Heifjues, for example analyzing by
restriction-based fingerprinting large fragments flA, even of megabase, contained in
BAC clone library.

I-VI BAC-based physical maps

A BAC (Bacterial artificial chromosome) clone isacterial clone that contain one artificial
chromosome made fusing casually large fragmentiseojenome of interest with two arms of
the bacterial chromosome, that have to containcérgromer and the telomer, or only the
telomer, and which carries a marker of selectioeach arms.

The wide use of BAC libraries is due to the clomkelity, to a low level of cloning artifacts,
to the easy of separate the BAC DNA from the hdBt¥A, to the fact that often individual
clones contain complete genes embedded in theongienenvironment and then the clones
can be used for functional studies in cell linetransgenic applications.

A bovine artificial chromosome BAC library of 10598lones was constructed in the vector
pBeloBAC11 and organized in 3-dimensional pool22@®1 at the INRA of Jouy-en-Josas
(France), (Eggen A. et al., 2001). The averagetissee was estimated 120 kb after isolation
by field inversion gel electrophoresis (FIGE) ofjelsted fragments of 388 clones. Assuming
that the bovine genome contains 3Xbp the total library corresponded to a four genome
coverage. The library was also screened by PCR M@ithmicrosatellite markers to verify the
homogeneous distribution of fragments from all tyenome in the clones. FISH was
performed for over 50 BAC clones and no one wasdothimeric. This bovine BAC library
contributed to increase the genome coverage ofdttke of the already existing bovine BAC
libraries of 2.7 (Buitkamp et al., 2001), 6 (Caiat 1995), 10 (Warren et al., 2000), and 5
(Zhu et al., 1999) genome equivalents, bringing ttital coverage of the bovine genome
represented in BAC libraries to 28.

An analogous bovine BAC library was constructed aalied the ‘CHORI 240 cattle BAC
library’ (http://www.chori.org/bacpgc This library contains approximately 200000 clene
and was created by cloning partially digeskéiobl genomic DNA isolated from a Hereford
bull into theBamHI cloning site of the pTARBAC1.3 vector.

Currently BAC libraries have been extensively ugetuild numerous chromosome specific
or whole genome sequence physical maps by BAC fmgeings and BAC-end sequencing.
Whole genome maps have been constructed for a nuofillrganisms including rat, cow,

zebrafish, sorghum, maize and tomato (sesvw.genome.clemson.edu/fpc and

www.bcgsc.eddor links to the corresponding web sites).
A first generation bovine BAC-based physical mas wonstructed in 2004 at the INRA of
Jouy-en-Josas (Schibler L. et all., 2004). This mvap assembled analyzing the totality of the
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clones of the bovine BAC library of the INRA andripaf the CHORI-240 BAC library
(26500 clones) by fluorescent double digestiondmpgnting and sequence tagged site (STS)
screening.

DNA preparation was performed using a modified latikalyses procedure for each clone.
300-400 ng of BAC DNA was submitted to a doublesdigon Hindlll and Haelll), which on
average generates about 40 bands of 55 to 75(dpsimultaneously to a dye labeling. The
restriction profiles of the samples was analyzedchgillary electrophoresis using a 1000
automated 96 capillary DNA sequencer. The runs vamayzed with the Genetic Profiler
software developed to perform the genotyping ameslyen the MEGABACE. The map was
constructed starting from an initial stringent duédnd using an incremental process, which
consisted in joining together assembled and ordeaedof DNA sequence, contigs, based on
end-end comparison. The map was validate and thegsowere anchored using the PCR
screening information for a total of 1303 marketS1( microsatellites, 471 genes, 127 EST,
254 BAC ends). The final map, which consisted oi%@&ontigs assembled from 100923
clones selected from the two libraries, was comsill@ valuable tool for genomics research
in ruminants, including targeted marker productipositional cloning or targeted sequencing
of region of specific interest. This map providdsibaa good framework to initiate a strategy
similar to that of Gregory et al. (Gregory et @002) to establish high-resolution sintenies
among ruminant, human and mouse genomes.

[-VII Comparative maps

An important step for efficiently sequencing a newammalian genome is to have a high-
quality, comparatively anchored physical map.

Fujiyama et al. (2002) produced a comparative clmed map of the human and
chimpanzee genomes using paired chimpanzee BACsegdences (BESs) aligned by
BLAST with the human genome sequences and foundia approximately 98% of
chimpanzee BESs has BLAST hits in the human genthraeidentify putative orthologs.
Gregory et al. (2002) produced a detailed comparathysical map of the mouse and human
genomes by combining BAC-end sequencing with a edgeinome BAC contig created by
BAC fingerprinting, revealing remarkable colinegrff the mouse and human genome.

Larkin et al. (2003) used a large-scale BAC-endusaqing strategy to built the first
sequence-based physical and multi-species companataps of cattle. They sequenced at
both ends a total of 40224 bovine BAC inserts & @HORI-240 cattle BAC library and
generated approximately 60500 high-quality cattteSB whit an average read length of 515
bp. These BESs comprise more than 14 Mbp of noetitee cattle DNA, thus providing a
resource for anchoring cattle genomic sequencésetbuman and mouse genomes. The non
repetitive cattle BESs were then tested for sintyldo human and mouse genome sequence
(NCBI Build 30) using BLASTN, revealing 29,4% an0,1% significant hits, respectively
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and howing that random cattle BESs had 3.3-foldhérigsimilarity hits to the human genome
than the mouse genome. More than 60% of all cBEE hits in both the human and mouse
genome were shown to be located in within knownegemcluding coding and non coding
regions.

I-VIIl Radiation hybrid maps

In order to construct a high-resolution physicapniar each specific chromosome, basic tool
to assist the final high-quality sequence asseroblyie genome, and comparative mapping
information from maps of the annotated human andse genome can be utilized efficiently.
The location of bovine loci that are homologoushoman genes may be predicted from the
current knowledge about the conservation of synteetyween genomes, but comparative
mapping can sometimes produce errors, becausebdsisd on the colinearity between two
different genomes even if some genomic regionateolinear, thus the position of a locus
has to be actually proven by direct mapping on geno

Radiation hybrid (RH) mapping has been shown to abgowerful tool to integrate
comparative genome data with information from emgstgenetic and physical maps to
generate high-resolution maps (ltoh et al., 2005).

The technology for generating physical maps usirgdiation and fusion gene transfer was
first developed more than 20 years ago by GossHamts (1975). This technology was
employed in an isolating mapping experiment of hamachromosome genes ten years later
by Williard et al.(1985), but it was not systemalig used as a human gene mapping
instrument until the work of Cox et al. (1990) ainstruction of a high-resolution map of the
human chromosome 21. This map was constructed usibgds generated by irradiation
fusion gene transfer between a donor somatic cglirith containing a single human
chromosome and the recipient rodent cell line. Magphe entire human genome with this
approach was impractical because it required a |pahel00-200 hybrids for each
chromosome and a screening of over 4000 hybridenerate a genomic map. For this reason
Walter et al. (1994) reverted to the original metlod whole genome radiation hybrid (WG-
RH) of Goss and Harris, that is the use of diptmed line like a donor genome at the place of
a single chromosome of interest from a somatic legtlrid, to demonstrate that a panel of
hybrids of a diploid human cell line with a rodeetipient line could be used to map any
human chromosome. Later Gyapay et al. (1996) andsétu et al. (1995) demonstrate the
emergence of WG-RHs as stand-alone mapping toddsping two WG-RH maps of the
human genome opening the way to the RH maps davelop
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I-VIII-a Advantages of RH maps

In contrast to linkage maps, which exploit the recy of natural recombination between
markers to calculate distances and orders of mgriiH maps are constructed using the
probability of breaks between markers induced loljyatéon. The retention frequency, that is
the measure of the proportion of donor genome nethiin hybrids, of two markers is
proportional to their vicinity in the genome, amyersely correlated to the number of breaks
that could occur between the two markers. The tetepattern of markers for each hybrid is
compared to determine linkage and map distancesebat markers. These distances are
measured by centiRay, 1 centiRay (N rad) correspgntb a 1% frequency of breakage
between these two markers after exposure to ati@didose of N rad of X-rays. (McCarthy,
1996).

Radiation hybrids allow a clear determination ofliaear order of markers along a
chromosome and radiation hybrid mapping has twamnejvantages over physical mapping
and genetic mapping: it has much higher resolubod the markers don’'t need to be
polymorphic to be included in the map. It is anezsally powerful tool for comparative gene
mapping, since chromosomal order can be establifdredxpressed genes that are usually
conserved between species, but often recalcitmninkage mapping for lack of allelic
variation. Moreover the radiation hybrids maps peidhe gap between genetic and physical
maps because they offers the possibility to ancherlarge DNA insert of the bacterial
artificial chromosome and to identify their orietba.

[-VIII-b Principle of construction of RH panels

To generate RH panels, the donor cell line is iatedl with a lethal dose of X-rays prays,
and fused with the recipient cell line, using eitBendai virus or polyethylene glycol (PEG).
Non-recombinant donor cells die whitin a week oadiation. The recipient cell line will
contain a selectable marker; the most frequenthd wse thymidine kinase deficiency (TK-)
or hypoxanthine phosphoribosyl transferase defaigiiGPRT-). Cells containing either of
this marker will not grow in media containing HARypoxantine, aminopterin, thymidine).
The only post-fusion cells that will grow in HAT wthiem are recipient cells containing all
their complete genome added with casual portiodasfor DNA containing both the wild-
type TK or HPRT gene. The hybrid colonies are expanfor DNA extraction and 96-well
microplates are filled whit the hybrid DNA and tbentrol DNA in order to be screened by
PCR for the retention of genetic markers.
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[-VIII-c RH panel characteristics and uses

In radiation hybrids the irradiation is utilized thoto kill the donor line and to induce
chromosomal breaks producing hybrids with the e@esiragments size.

Increasing the irradiation dose from 5 to 25 Kr&ehden et al. (1992) observed a 5- to 10-fold
reduction in the size of the fragments, as wellaadramatic reduction in the retention
frequency from 27 to 3%. The optimal radiation dosleosen to construct a panel of radiation
hybrids is dependent upon the intended use ofities.| Low dosages results in decreased
resolution of a chromosome map, while at very higisages (greater than 10000 rads) no
significant linkage between loci is observed duextensive fragmentation and loss.
Higher-dosage hybrids which carry small fragmeritDbdlA from a region of biological
interest have been used for constructing recombiDBIA libraries and DNA probes (Florian
et al., 1991).

It is generally believed that breakage along th@miosome, as well as the rejoining of the
broken ends, is a random process (Heddle, 1965)eker stabilization of a fragment in the
hybrid requires the rejoining of the fragment walements needed for replication and stable
mitotic segregations. The preferential retentionth@ centromere in radiation hybrids has
been observed in a number of radiation hybride|sa(Benham et al., 1989; Goodfellow et
al., 1990; Ceccherini et al. 1992; Abel et al., 3;98c.).

FISH has been used to determine the number aniveefaze of human fragments carried in
hybrids. The number of fragments appeared to bep@ddent of the irradiation dose used to
generate the hybrids. FISH was used also as anscge@rocedure to identify hybrids
containing human DNA, which are subsequently usednarker analyses.

The first issue in the design of a radiation hybmdpping experiment is the number of
hybrids required to achieve optimal resolution.sTproblem has been reviewed by Lunetta
and Boehnke (1994). They calculated the resolvioggs of radiation hybrid panels of
varying sizes as a function of retention frequerassuming that retention frequency is the
total number of radiation hybrids retaining a givearker divided by the total number of
radiation hybrids tested with the marker. They ssggd that a radiation hybrid panels of 90-
100 lines is adequate for most mapping experiments.

The protocol for scoring markers on a radiationrfddpanel is a critical step in building the
map. Markers scored as present (+) or absent ¢)campletely informative; thus, false
positives and false negatives bias the map. Amhigutata can be entered as unknown (?).
Testing of the markers is commonly carried out yual inspections of ethidium bromide-
stained PCR products from sequence-tagged site)(8iE8kers. The problem of scoring
many markers across the panel is variation in ¢haive sensitivity of the marker tested. The
problematic markers are those that show abnormdly or low retention frequency and it is
normal to avoid them as anchor points in initigliasion hybrid map construction.
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The first phase of analyses is a test of each maxanst all the other tested markers, or two-
point analyses. The two-point analyses can be tsetimate distances between markers,
and to identify linkage groups to subject to muiig analyses, that represent the second
phase of the analyses. Multipoint analyses cameete trial orders of markers inside a
linkage group and between clusters of markers. Mbynthis analyses is carried out using as
small as possible linkage groups because it is atetipnally intensive, with N!/2 possible
orders to consider for N markers present in eacdumr It is efficient to subdivide the
problem into clusters of markers to be ordered iwittluster, then order and orient the
ordered clusters (Leach and O’Connell, 1995).

I-VIlI-d Software used to construct RH maps

When a marker is tested on the RH panel the padifetime presence (+) or absence (-) across
the panel defines a cytogenetic placement; thoskarsawith the same pattern of + and — are
localized in the same cytogenetic ‘bin’. OrderinQtibe bins is carried out either by the
ordering of the known cytogenetic breakpoints, or mminimization of the obligate
breakpoints under the assumption that the majofithe rearranged chromosomes arise from
a single breakage event. These analyses have leeedcout in the beginning manually,
nowadays analyses packages are available.

One of the software used to produce RH maps foh edwromosome is the Microsoft
Windows versions of ‘Chartagene’ (Schiex et al.,020 available publicly from
www.inra.fr/bia/T/CarthaGene

The other programs available for building radiatigirid maps are RH map (Vanderstop et
al., 1991), RHMAPPER (Soderlund et al., 1998) andtirmap.

RH, cytogenetic and linkage maps can compared byngusAnubis software
(www.roslin.ac.uk/cgi-bin/anubjs

[-VIII-e RH bovine panels and maps

Whole genome-radiation hybrid (WGRH) panels haves t@en used to create medium to
high resolution chromosomal maps in several sperielkiding human (Gyapay et al., 1996),

mouse (Schmitt et al., 1996; McCarthy et al., 19€at) (Watanabe et al., 1999), pig (Yerle et
al., 2002), horse (Chowdharhary et al., 2002), kdnic(Morrison et al., 2004), zebrafish

(Geisler et al., 1999), dog (Priat et al., 1998] aattle (Womack et al., 1997; Rexroad et al.,
2000; Williams et al., 2002; Itoh et al., 2005; Baet al., 2001).

Four whole genome radiation hybrid panels availdbtecattle have been used to construct
RH maps: the Womack-5000 rad panel of 90 RH clgiésmack et al., 1997), the Womack-
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12000 rad panel of 180 RH clones (Rexroad et &93he TM112-3000 rad panel of 94 RH
clones (William et al., 2002) the SUNbRH 7000 rath¢l of 90 RH clones (Itoh et al., 2005).
The first RH bovine panel was developed in 199haidike a bovine donor cells a normal
diploid fibroblast culture established from an Asduull, JEW38. The cells were irradiated
with a cobalt 60 source delivering 185 rad/mindadotal dose of 5000 rad. The recipient cell
line was the Chinese hamster TK- fibroblast line8A3ix markers were genotyped in all 101
RH lines.

RH panels are generally characterized and anchtwe@xisting genetic maps using
microsatellite markers. The Womack-5000 rad paras screened with six markers spanning
each of the linkage maps of bovine chromosome lard® 19 to create the first whole-
genome-RH radiation bovine hybrid map. Later themes€RH panel was used to create a
cattle-human whole-genome comparative map (Baatl,62000).

Williams et al. (2002) constructed and characteri@e8000-rad RH panel in order to create an
outline bovine RH map. This map was developedrigstn the RH panel and incorporating
in the map the majority of markers available onlighied bovine linkage maps.

This RH panel was constructed using like donor lagdl a primary bovine fibroblast cell line
established from a male Holstein calf by explani$uce. Cells were exposed to a 3000 rads
of X-rays and fused with the HGPRT-deficient Chmmémmster cell line, Wg3H (Goss and
Harris, 1975). 224 cell lines were established sereéened with 33 microsatellite markers. A
subset of 100 hybrids whit higher average retentiequency was selected and a final panel
of 94 hybrids was produced, whose DNA is publichgitable for purchase from the Res Gen
Invitrogen Corp (cat no. RH10, Huntsville, Ala., NS

In order to link the 3000-rad RH panel to the genfBarendse et al., 1997; Kappes et al.,
1997, http://www.marc.usda.gov/genome/genome.htmiww.cgd.csiro.ay and physical
maps that were published for the cattle till thainment, a total of 1238 markers were typed
by PCR on the RH panehtfp://www.roslin.ac.uk/radhylp/ of which 1148 are microsatellite
loci and 90 are genes or markers within genes. 8atvthem 64 could not be placed, so that
1174 markers were included on the RH-maps of 28sames and the two sex chromosomes.
In most cases the order of markers was consistetwelen the RH maps, the published
linkage maps, the current RH chromosomes maps :(dRekroad et al., 1999; chr 15:
Amarante et al., 2000; chr 19: Yang et al., 1998;23: Band et al., 1998) built by using the
Womack panel, and the low-density whole genome méagsnd et al. (2000).

Itoh et al. (2005used the whole genome 7000-rad radiation hybrid) (B&hel, SUNbRH
(7000-rad), to build a high-resolution RH map. Bierakawa-USDA linkage map served as
a scaffold to construct a map of 3216 microsaésllon which 2377 ESTs were ordered. The
resulting RH map provided essentially complete cage across the genome, with 1 cR7000
corresponding to 114 kb.

28



[-VIII-f Integration of bovine RH map data in the construction of comparative maps

RH maps are considered a useful resource for ngeatimparative maps between bovine and
human chromosomes through the alignment of the dieeived from coding sequences
(Amaral et al., 2002; Goldammer et al., 2002; Gau¥l et al., 2002; Gautier M et al., 2003;
Larkin et al., 2003; Everts-van der Wind et al.020Everts-van der Wind et al., 2005).

Larkin DM et al. used the cattle-hamster 5000-rddl panel of Womack et al.(1997) to
confirm in silico predictions of cattle chromosome positions of hevBAC end sequences
(BESs). 60547 BESs were previously anchored tdntimean and mouse genome by BLASTN
search, like we have already described, thus titee cehromosome locations had been
predicted for the cattle BESs with significant BLA®its in the human genome using the
COMPASS Perl scripts software (COMPASS Ill), pradgca virtual map of BESs on the
cattle chromosomes.

The COMPASS strategy (comparative mapping by ammgtaand sequence similarity)
permits the predictions of chromosome map locab@sed upon sequence similarity of
orthologous genes, if comparative map informat®@available for two species (Band et al.,
2000; Rebeiz and Lewin, 2000).

In that case the chromosome location of BESs wasligted using data from the first-
generation cattle-human comparative RH map (Bandalgt 2000). Furthermore they
confirmedin silico predictions of cattle chromosome location fortaltof 109 BESs having a
single high-confidence human hit on HSA11. Oligdeatides able to discriminate cattle
from rodent sequences were designed for these BE&L89% of them gave distinct PCR
product after screening of the RH panel. 84 BESseweapped on BTAL15 or BTA29 after
two-point linkage and multipoint map analyses, iearout with RHMAPPER 1.22 (Slonim et
al., 1997) software. Thus the high degree of aayur@pproximately 86%) of BLAST-
COMPASS approach was demonstrated and a cattlerhawo@parative map with greater
than 1-Mbp resolution was created, 84 BAC ends wdo®d to the existing cattle RH map.
Recently Everts-van der Wind et al. (2005) used ghme approach, to construct a high-
resolution whole-genome cattle-human comparativ mad to add new markers (cattle
BESSs) to the current high resolution cattle 500044 map (Band et al., 2000; Everts-van
der Wind et al., 2004) collectively known as thkndis-Texas 5000-rad radiation hybrid
panel (IL-TX RH 5000).

They screened by PCR the RH panel of Womach etitl.BES from the CHORI-240 BAC
library selected by BLAST for having a single sigrant match in the human genome, distant
one from one other 1 Mbp in the human genome, anthg preferentially an orthologous hit
in the mouse genome. Approximately 3000 cattle dyadt artificial chromosome end
sequences were added to the previous RH map, siegetne number of markers 4 time. The
number of comparative points in the human genoneim@eased 5-fold.
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An important advance made possible by mappingec&#HSs is that the RH map could be
anchored directly to the whole-genome BAC fingerfng contig. Comparisons of BES
order on the RH maps and whitin the fingerprintaatigs is used to identify inconsistency
in the maps and markers or clones that are predyrf@li of place’ on the basis of their
cattle —human comparative map location. This comparwill ultimately be important in
selecting the correct minimum tiling path for théA®-skim sequencing and correctly
assembling the cattle genome sequence. Moreowvertlasadditional mapping information
coming from the integration of RH and linkage mapuid greatly improve the bovine
genome sequence assembly (Snelling et al:, 200&kandeet al., 2006).

[-VIII-g Integration of bovine RH map data with genetic linkage maps

Linkage maps have been important in identifying oamosomal regions influencing
economically important traits in cattle (Casasalet 2001; MacNeil et al., 2001; Li et al.,
2002), but because the lack of recombination betwéesely linked markers limits resolution,
linkage maps are of limited value for ordering elgslinked markers and identifying genes
underlying quantitative trait loci. The radiatiogknid mapping provides higher resolution for
ordering close markers, but high breakage frequétidydata are less reliable than linkage
data for ordering widely separated groups of mark8chiex et al., 2001).

Integrating linkage and RH data into a single map only will refine marker order to
facilitate genomic sequencing, but will also inaeahe efficiency of identifying genes
associated with QTL.

Integration of linkage and RH maps has been regdde a number of species (NIH News
Release http://www.genome.gov/page.cfm?pagelD=10506668e the dog (Breen et al.,
2001), the rat (Steen et al., 1999), the felinen(®u al.,, 2001) and individual bovine
chromosomes (Amarante et al., 2000; Rexroad etl@99; Drogemuller et al., 2002). The
general approach to integrated mapping has bescote several markers from linkage maps
on the RH panel, then align the independent mapsammon markers.

While Nadkarni (1998) and White et al. (1999) ddsmmt procedures to synthesize
information from multiple independent analyses iat@ingle merged map, Snelling et al.,
(2004), differently, used directly data from indedent analyses to contribute to the
construction of two maps and then merged indepdndigia sets with common markers to
built a single integrated map.

Agarwala et al. (2000) developed procedures foegrating RH maps, where markers
common to independent RH panels contributed tcsthation of a comprehensive RH map,
while Schiex et al. (2001) developed and releasedh@Gene software (CarthaGene home
page,http://www.inra.fr/bia/T/CarthaGefldo merge and solve integrated maps representing
multiple linkage and RH data sets.

30



The bovine chromosome (BTA) 15 was considered eésterg and was chosen from Snelling
WM et al. (2004) to study the integration of linkagnd RH data and to compare the bovine
and human genome because a QTL for meat tendewsssseported to be present on this
chromosome (Keele et al., 1999; Rexroad et al.1P@hd because comparative mapping
indicated that alternative segments of human chsame (HAS) 11 are conserved on BTA
15 and 29 (Amarante et al., 2000; Rexroad et @D12Gautier et al., 2002). They used the
second-generation linkage map of bovine genome &apt al., 1997), and the radiation
hybrid data for 109 markers from the ComRad projadtation hybrid panel (94 cells lines,
Williams et al., 2002; Gautier et al., 2002) to stwact an integrated BTAL15 map representing
145 markers, whose 42 shared by both data setsig6e to the linkage data and 67 unique
to RH data.

Another study that aimed to the construction of ighfresolution map of a specific
chromosome was carried out from Weikard et al. 2@ the bovine chromosome 6 (BTA 6)
because a number of different QTL for various pligpio traits, including milk production,
functional, and conformation traits in dairy catde well as growth and body composition
traits in meat cattle, have been mapped consigtenthe middle region of this chromosome
(Bovine QTL Viewer at texas A&M University 2006itp://bovineqtl.tamu.edu/ Reprogen
QTL Mapof Dairy Cattle Traits 200Bttp://www.vetsci.usyd.edu.au/reprogen/QTL_Map/
The objective of the study was to construct a hggelution ‘gene rich’ RH map for the
target chromosomal region of BTA6 containing caatkdgenes underlying the QTL for milk
production traits (Cohen-Zinder et al., 2005; Olssnal., 2005; Schnabel et al., 2005;
Weikerd et al., 2005) in order to dissect the dédfe QTL at the gene-based level.

A total number of 237 loci including 115 genes agressed sequence tags (ESTs) and
markers from the recently published bovine gena@p (lhara et al., 2004) were typed on the
cattle-hamster 12000-rad WG-RH panel (Rexroadl.e@00) and the new RH map, with a
total of 234 loci, displayed a substantial incre@sieci density compared to existing physical
BTA6 maps. The average retention frequency of tleekers was 15.2% and the average
inter-loci interval on the targeted BTAG6 region eoed on the RH map was 17.8 cR12000,
corresponding to approximately 300 kb. The ordeooif determined in the new map for the
targeted BTA 6 region was generally consistent wht reported on previous published RH
(Itoh et al., 2005, Everts-van der Wind et al., £20@nd linkage map (lhara et al., 2004;
Snelling et al., 2005).

High-resolution RH maps integrate anonymous markéf&Ts, and genes from currently
available bovine linkage and RH maps as well a& lmgmber of comparative anchor loci
derived from the orthologous human chromosomeshodiigh a number of links to the
currently existing genetic, cytogenetic, and RH sape possible, a multitude of contigs and
scaffolds of the available bovine genome sequeresssirces still have to be anchored and/or
oriented on the chromosomes. Connecting animahqilgpes associated with the QTL
anchored on genomic level with putative underlygegmes would accelerate the identification
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of sequence polymorphisms and gene variants andi¢lielopment of SNP markers for
validation of association substantially.

I-IX International bovine projects

I-1X-a International physical map and Bovine sequeging projects

An international bovine physical map projeetww.bcgsc.bc.ca/projects/bovine_mapping
http://www.livestockgenomics.csiro.au/cattle.shtmlas proposed to analyze single digest
fingerprintings obtained from 280000 BAC clonesidentify new fusions between contigs
from the two BAC-based physical maps derived froe BAC library of the INRA (Schibler
et al., 2004) and the CHORI-240 BAC library. Addital mapping information can facilitate
the ordering of fingerprinting contigs for the ctmstion of physical BAC maps covering

whole chromosomes and ultimately provides a vakiabarting point for whole genome
sequencing projects, like it happened for the hu(@ao et al., 1999), for the mouse (Gregory
et al., 2002) and in Drosophila (Hoskins et alQ@0

The ultimate map for a species is the correctlgmsded genome sequence.

The U.S. National Institute of Health (NIH) has givhigh priority to the complete genome
sequencing of two Cetartiodactyl speciBes taurus (cattle) andSus scrofa domestica (pig;
http//www.genome.gov/page.cfm?pagelD=10002154) taekem progress the mammalian
comparative genomics because the mammalian ordetarti@actyla comprises a
philogenetically distant clade of eutherian mammealstive to primates, having diverged
from a common ancestor approximately 85 millionrgessgo (Kumar and Hedges, 1998), and,
on the basis of a limited amount of sequence in&ion for orthologous regions in a number
of mammals (Thomas et al., 2002), it is clear thaCetartiodactyl genome will play an
essential role in informing the human genome fonseoved non coding structural and
regulatory elements, for properly annotating extndin boundaries, and for the identification
of novel genes.

The bovine genome sequencing project started ir8 20@ used a combination of whole
genome shotgun sequencing (WGS) and sample seggesfca minimum tiling path of BAC
clones spanning the genome. An international Bo@eaome Sequencing Consortium was
established.

In october 2004 the initial draft of the bovine gare sequence using was released (NCBI
Bos taurus Genome Resources 2005-http://www.nacbimih.gov/genome/guide/cow/;
Human Genome Sequencing Center at Baylor Colleddenfecine_Bovine Genome project
2005-http://www.hgsc.bcm.tmc.edu/projects/bovine).

Preliminary assemblies of the current bovine gen@®guence update representing a 6x
coverage were established and announced in Oc20ifér (Pre! Ensembl (Btau 2.0) in NCBI
Bos taurus genome mapview (build 2.1), (Pre! EnsdéBals taurus Genome Assembly Site
2005, http://www.ensembl.org/Bos taurus/index.itNCBI Bos taurus Map Viewer Site
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2005, http://www.ncbi.nlm.nih.gov/mapview/map_search.taxtdi=9913, while recently a
new assemblies (build 3.1) is available
(www.livestockgenomics.csiro.au/perl/gbrowse.cqidiy

I- 1X-b The BovGen project

The BovGen project started the first January 20@8 anvolved the work of European and
extra-european scientific groups belonging to d#fe institutes (Rosline Institute-UK,
University of Alberta-Canada, INRA-France, Cathdloiversity of Piacenza-Italy, Tuscia
University of Viterbo-Italy, Max Planck Instituterf Molecular Biology of Berlin, Germany).
The project had the objectives to develop advamgsetbmic tools to provide the necessary
infrastructure for researchers to study the mobecahd genetic control of important traits in
cattle. Information on these traits could then ppliad to the selection of cattle that are best
suited to producing healthier food products of desired quality in appropriate production
systems.

As the project progressed the international prdjgcequence the bovine genome made very
rapid progress and an addition priority objectiv@svincluded in the BovGen project: to work
closely with the international Bovine Genome Seguran Consortium to aid the assembly of
a high quality bovine sequence.

In details the intended molecular tools to improvereate were:

1) the best characterised bovine expression arvaylahle with around 20,000 unique
expressed sequences (ESTs) to give the possitoligxkamine gene expression profiles in
target cells under various physiological conditiswch as, fed or starved, healthy and
diseased as an important route to gene discoveryiagerstanding gene function.

It was planned that the expression arrays shouithgoa non-redundant , or “unigene” set of
20000 unique ESTs identified in cDNA clones frorbavine brain cDNA library. The non-
redundant set of ESTs was created by the Max Plamstkute starting from the brain as it
was supposed that this organ expresses the gretessity of genes in the body and the
20000 ESTs were estimated, from the human sequénaepresent about 30-40% of all
genes in the genome.

2) a high resolution RH bovine map which let thagstouction of cattle-human comparative
map that could contain not only more than 300 add Wnks between bovine and human
genomes, like the actual RH comparative maps hasatdeast more than 3000 links, as the
actual mouse-human comparative map, in order toepdattle genomics information on a par
with the mouse-human comparative information.

3) the construction of long genome spanning BACtigsn In this project the INRA bovine
BAC library, with 105000 clones, including 2000@rés from the CHORI 240 BAC library,
was available and was characterised with the E®gsiesniced to increase the immediate
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utility of the BAC library and provide access pairtb BAC clones for local sequencing
objectives.

4) the ultimate bovine genome sequencing. An i@tgonal consortium competing with the
international Bovine Genome Sequencing Consortias @stablished to sequence the bovine
genome. The corner stone to the sequencing workamabole genome BAC contig. The
characterisation of the BAC library in this projeeas an important input to the assembly of
the genome wide BAC contig. An additional contribot of the Bovgen Project was the
ordering of Sequence scaffolds on chromosomes, hwiwas achieved using markers
identified within the sequences to align them it chromosomal maps.

Almost the totality of objectives of the project ieeachieved and 30 publications and
numerous international conference presentationg \waevduced from this work, that made
significant contribution to the international bogisequencing project.
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lI-Objective

Several approaches can be used to determine tee ofdoci on chromosomes and hence
develop maps of the genome. However, all mappimgageches are prone to errors either
arising from technical deficiencies or lack of mktal support to distinguish between
alternative orders of loci. Errors in maps can tiyestfect the ability to map and isolate genes
for complex and Mendelian traits (Risch and Giufi@02; Feakes et al., 1999; Goring and
Terwilliger 2000), for the identification of QTL.

Inaccuracies in genetic maps can result from gemogyerrors, as well as from the use of a
limited number of informative meiosis to generatgps A higher confidence in genetic-map
order can be obtained by creating maps using aHd@d-ratio criterion of >= 3, as opposed
to using a minimum-recombination map (Morton 1955).

Errors in the order of markers on physical mapstmuciue to problems with assembly or to
incorrect identification of marker positions. Evethen the order of markers is known to be
without error, accurate estimates of recombinafractions will play an important role in
linkage and associations studies (Clerget-Darpdugl.e 1986; Risch and Giuffra, 1992;
Goddard et al., 2000; Collins et al., 2001; Reichlg 2001).

The accuracy of the genome maps could in princi@eimproved if information from
different maps (genetic, comparative with othercgg®e RH submitted to different radiation
intensity, physical, sequence assembly) was corddmeroduce integrated maps.

The publicly available bovine genomic sequence mabbeis a draft that contains errors.
Correcting the sequence assembly requires exteraidg@ional mapping information to
improved reliability of ordering of sequence scaffon chromosomes.

RH panels represent a powerful tool to construgtresolution maps.

RH panels are generally characterised using mitelisa markers; however the number of
these markers is often insufficient to join all thkage groups and assemble complete maps,
particularly for high-resolution panels. The deystent of additional anonymous markers
can be a time-consuming task, and generally otfpstof markers, particularly ESTs, are
used to saturate RH maps. These ESTs also setugktthe RH map with maps in other
species (Schlapfer et al., 2002; Weikard et aD220

The objective of the work described is the consibacof a bovine high-density RH map, one
of the main aim of the BovGen project, which coblel used for the construction of an
integrated map and could contribute to the Intéonat Sequencing Project to aid the final
assembly of the bovine genome sequence.

It is discussed the presence of possible errotkarRH map comparing with other recently
published RH and genetic maps (the lllinois-Texa3X) RH map and the MARC 2004
linkage map) aligning the sequence of the corredipgnmapped markers. All the bovine
maps were aligned with the 6x bovine assembly (B2dusequence) to identify its potential
iInconsistencies.
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[1I-Material and Methods

[lI-] Sequencing of ESTs

A non-redundant “unigene” set of ESTs was selebiealigo-nucleotide fingerprinting and
clustering of cDNAs from a brain library (Herwajal., manuscript in preparation). This non-
redundant cDNA clone set contains 23040 bovineedogrouped by sequence assembly of
ESTs into 14989 unique cDNA clusters and singletdiie cDNA clones of the “unigene”
set were amplified in a 384-well microplate fornrbgtPCR consisting of an initial denaturing
for 2 min at 95°C, denaturing for 45 sec at 94°@healing and elongation for 4 min at 65°C
in 30 cycles. PCR primers were complementary toirteert-flanking vector sequences. The
PCR mix contained 5 pmol of forward and reversenprs (table 1), 0,1 mM dNTP’s, 1,5 M
Betain, 1x PCR buffer, 0,1 mM Cresol Red and 1 Urpaction Tag DNA polymerase. PCR
buffer consisted of 0,5 M KCI, 1% Tween20, 15 mM GAg 350 mM TrisBase, 150 mM
Tris/HCI pH 8,3. PCR fragments were subjected to sequence analysiag 8igDye-
terminator chemistry (Applied Biosystems) and a@BDINA sequencer (Applied Biosystems).
Average sequence read length was 750 bp. TheidudVEST sequence data were submitted
to GenBank and are publicly available under acoessumbers CO871676-CO897060.

Tablel. Sequence of primers used to amplify the cDNAritsse

forward primer GGATCTATCAACAGGAGTCCAAGCTCAGCT
reverse primer TCACCATCACGGATCCTATTTAGGTGACAC

[I-11 Primer design

Maximum sequence information for annotation waseaad by aligning the ESTs data with
available public cattle transcript sequences casthin the TIGR bovine gene index. TIGR
clusters and corresponding ESTs cattle sequencekiged were aligned and the resulting
14989 cluster sequences (consensus) were usebef@ubsequent construction of primers.
Cluster sequences were aligned with bovine gensetdaences and only those showing clear
splicing were used to define the precise exondmtyoundaries for the final primer selection.
The primer design was carried out using dedicatativare now in the public domain
(Polyprimers, http://www.unitus.it/SAG/primers.z)p The software uses the nearest-
neighbour method (SantaLucia et al., 1996) to pteitie complementarity of primers and
secondary structures (dimers, hairpin etc.) arabls to process large number of sequences in
batches, picking primers in designated regions.minimize the amplification of hamster
DNA contained within the RH panel cell lines, prinpairs were designed with one primer
within exon, the other within the adjacent intrann@n coding sequence. The primer design
was standardized to achieve a maximum of unifornmtytheir amplification conditions.
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Primer details are available to the public in the&k[?B database (ArkDB Public database
browser http://www.thearkdb.org.

[I-11l Screening of the Roslin RH panel

2473 marker loci were successfully typed on thee® lines of a 3000-rad bovine/hamster
RH panel as described by Willianes al. (Williams et al., 2002). Vectors of 262 AFLP
markers (Gorni C et al., 2004) were added to thasgdh

[lI-IV RH data analyses

RH vectors were assigned to chromosomes by anglgspt linkage with mapped loci (Gorni
et al., 2004) using RH mapper (Slonim et al., 198M)Itipoint maps were constructed using
the default algorithm of the Carthagene softwahi{& and Gaspin, 1997). The initial multi-
point map was improved by an iterative processigpection of marker loci and removal and
alternative addition of badly linked or disruptitugi. This process resulted in the removal of
122 loci that could not be reliably fitted into theromosome maps with highest probability.
The best maps generated by this process were cethftathe ComRad RH-map (Gorni et al.,
2004) and the MARC 2004 linkage map (lhara et @D04) and regions showing
discrepancies were examined in detail to identiy presence of problem markers. Marker
positions on the maps of each chromosomes areabiaifrom the ArkDB database at
http://www.thearkdb.org

[11-V Mapping of marker associated sequences agaihnshe bovine sequence assembly

ESTs sequences used to design the primers for madppewere aligned with the assembled
6x bovine sequence assembly (Btau_2.0) using BLASTschul et al.,1990) and Spidey
(Wheelan et al., 2001). To filter out incorrectgainents the BLAST e-value was set to a
maximum of 1e-20 and minimum percent identity t&®©0n addition, the relative length of
the BLAST hit (i.e. coverage, or length of the dhitided by the length of the query sequence)
had to be at least 80%. Where ambiguous alignnveets observed higher stringency filters
were applied (sequence similarity higher than 97abfb coverage higher than 90%).
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[1I-VI Diagrammatic representation of chromosomal maps

Visual representation of map alignments for figu2es was achieved using cMap (GMOD
Generic Software Components for Model Organism bata, http://www.gmod.org/cmap/).
For figure 1, a custom ruby script was used in doatibn with the bioruby toolkit (BioRuby

http://www.bioruby.org).
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IV-Results

IV-I Radiation hybrid map

A total of 2735 markers were added to those, 123tkers, on the first-generation whole-
genome RH maps (Williams et al., 2002), of whicir24re newly mapped loci and 262 are
previously reported AFLP markers (Gorni et al., 20Qiving a total of 3966 markers, of
which 1999 are within genes, 1072 are micros#eltici, 262 are AFLP markers, 376 are
BAC end sequences and 257 are from ESTs sequératesotnot show convincing similarity
to the annotated bovine sequence (table 1). TherRRBs for the 30 bovine chromosomes
constructed from this data can be viewed and inftion can be downloaded from the
ArkDB database (http:iww.thearkdb.org.

The total length of the RH map, including all baviautosomes and the X chromosome is 760
Rays (R). The map of BTA 28 is the shortest on&11dR, and the longest one is that of
BTA7, 4408 cR. The average marker interval over Wiwle genome is 19 cRanging
between 12 cR (BTA29) to 29 qiBTA20). Distance comparisons between common marker
on the RH map, MARC linkage map and the bovine sege suggests, on average, that 1 cR
on the BovGen RH map is equivalent to 0,04 cM aBdKBp respectively, although this
varies considerably across the genome.
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Tablel. Statistics of the RH maps by chromosome.
aBAC end sequence¥ESTs which could not be assigned to an annotatgueseeaverage
over whole genome

| BTA marker numbers marker types map length marker density
oL new | aFLP micro-  unknown ch cM Mb =i e
markers  mapped | g BES® genes satelites  ESTS P [ matker  marker

9 158 83 8 2 69 70 8 | 3695.80 154.67 102.83 23.39 0.65
2 169 112 11 3 a8 46 11 | 3487.70 128.88 B86.54 20.64 0.51
3 206 160 10 3 134 35 24 | 4405.40 128.90 85.36 21.39 0.41
4 113 56 10 64 36 3 | 2805.20 119.93 B69.56 23.05 0.62
s 275 220 a a4 105 40 27 | 421030 135.60 76.43 15.31 0.28
3 59 28 [ a3 20 1699.40 134.42 69.62 28.80 1.18
7 217 163 13 141 45 18 | 4408.80 135.56 69.14 20.32 0.32
8 a3 51 7 10 35 38 3 | 2458.60 128.62 B2.12 26.44 0.67
9 133 g2 a8 58 64 3 | 300410 116.17 B4.65 22.59 0.48
10 162 108 17 2 =} 40 12 | 2780.50 118.83 70.00 17.04 0.43
11 178 123 14 3 102 48 11 | 3658.90 130.97 B7A7 20.56 0.49
12 a9 a7 16 1 34 36 2 | 1553.30 109.95 48.61 17.45 0.55
13 128 76 14 64 36 14 | 2275.40 1056.38 B2.72 17.78 0.48
14 223 189 1 169 16 33 4 | 2867.10 103.85 50.71 11.96 0.23
156 147 43 12 2 77 38 18 | 243410 109.75 53.82 16.56 0.37
16 120 79 2] 1 T2 33 5 | 2857.20 A4 .46 56.89 24.64 0.47
17 118 =13 15 68 27 5 | 265410 9586 45,02 23.08 0.40
18 200 155 2] 5 141 25 20 [ 318210 84,38 56.51 15.91 0.28
14 156 104 7 53 ha 35 3| 2136.70 109.61 56.39 13.70 0.36
20 58 26 1 26 23 171220 82.94 42.85 29.52 0.74
21 B2 18 a 18 33 2 | 1449.00 83.79 49.72 2337 0.80
o9 111 74 5 5 69 b 1| 2031.90 88.10 48.33 18.31 0.44
23 130 78 8 1 80 20 21 | 234570  80.05  41.60 | 1804 o032
24 ;] 15 8 5 19 35 3| 158870 7813  4525| 2336  0.67
25 133 03 8 1 89 31 6 |225620  6B42 4141 | 1808 0.31
26 78 a4 [ 36 30 3171510 79.39 356.72 22.87 0.48
27 513] 31 3 11 18 29 4 [ 1191.20 67.37 31.57 18.33 0.49
28 65 31 5 25 22 8 1141.30 61.66 34.89 17.56 0.54
29 150 110 4 103 34 4 | 188570 69.73 45.82 12.64 0.3
X 108 59 5 1 56 39 7| 239070 146.50 47.90 2214 0.44
Total | 2966 2473 | 282 a7 1099 1072 257 | 750724 3151.97 174025 | 19.16° 0.44°

V-1l Comparison with the ILTX RH map

There are 241 marker loci in common between the@owvRH map described here and the
lllinois-Texas (ILTX) RH map, comprising 71 linkaggoups (Everts-van der Wind et al.,
2004). All of these common loci were assigned todame chromosomes on both maps.
Correspondences in 32 linkage groups cannot besses$efor consistency of their order
because the groups contain only one or two mark@msmon between these maps. For the
remaining 39 linkage groups 21 are in perfect aged with the BovGen RH map and 14
have only one inconsistently positioned marker.

For example, the BovGen RH map of chromosome 142Bamarkers in common with the
ILTX RH map. These are divided into six linkage gps (14_A to 14_F), which are located
consecutively along the chromosome. The groupsagor2 to 6 markers which are in
common and the order generally agrees betweennbagls (figure 1). In four linkage groups
(5_A, 7_A, 27_B and X_C) discrepancies betweemthps are observed with more than one
displaced marker. One of those, 5 A is relativatnsistent despite four discrepancies in
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order, as it contains 26 correspondences and cawvecemplete chromosome, and the
discrepancies are minor. In contrast 7_A, 27_B,G0ontain fewer correspondences (6 each)
but all have several inconsistencies. Each of kineet groups cover approximately half a
chromosome and differ from the BovGen RH map inrtinearker order at 4, 4 and 5
correspondences, respectively.

Figure 1. BovGen RH map of the chromosome 14 compared thighcorresponding six
linkage groups of the ILTX RH map. Lines betweerpsiaonnect markers common in both
maps. Marker names were omitted to improve peroiipti

RH_ILTX2004_14_A le_ILTX2004_1 4 B

BovGenRH2006_Chri4
RH_ILTX2004_14_D

RH_ILTX2004_14_C

RH_ILTX2004_14_E
RH_ILTX2004_14_F

IV-1Il Comparison with MARC 2004 linkage map

There are 885 marker loci in common between the@ovRH and the MARC 2004 linkage
maps (Ihara et al., 2004) which allows a detailechjgarison of map orders and chromosome
assignment.

Inconsistencies in chromosomal assignment are fdand of these 885 loci. In all these
cases only individual markers are involved. Thekaaorder on 13 chromosomes (BTA 4, 10,
11, 13, 14, 16, 18, 21, 23, 24, 25, 27 and 28) iery close agreement between the BovGen
RH maps and MARC 2004 maps. For example the ordgrec27 markers on chromosome 4
which are in common shows only minor inversionsvwad pairs of linked lociBMS1840 and
MAF70 and alsoBMS2571 which appear on the different sides of the co-nrappnarkers
BMS779 andBMS3002) (figure 2). Despite of the similarity in both essthe marker order as
suggested by the MARC map is inconsistent withntlodtipoint map BovGen RH data, as the
MARC order gives a much lower p-value.
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On a further 13 chromosomes minor discrepanciesdmst these maps are observed. On BTA
3,5,8,9, 12,17, 19, 22 and X the order of marke essentially the same, but with a number
of individual markers at different positions. Fof81, 2, 6 and 26 differences are observed
involving the orientation of linkage groups, butthwthe order of markers within the linkage
group is conserved. For example on BTA 26 the miaskaer is in general consistent between
the BovGen RH and the MARC 2004 linkage map, howéwe small linkage groups 26_A
(BMSB82, TGLA429, BMS2567 and BM6041) and 26 _B MAF36, ILSTS091, MAF92 and
BM804) have the same marker order in both maps, butnaexted with only one marker
(BM7237) at divergent position (figure 3).

On four chromosomes major inconsistencies are wvedemwhere complete linkage groups
map to different chromosomal positions (BTA 7, 28)where the order of markers differs
within several linkage groups (e.g. BTA 7, 15 af). ©n BTA 7 for example, the position of
two linkage groups 7_A (limited by the mark&2SKB071 and TGLA303) and 7_B (limited

by the markersBM6105 and BM2607) is exchanged. In addition 7_A is in a different
orientation in both maps, while the marker order 7AnB is inconsistent (figure 4).
Nevertheless, these discrepancies only involve tabouarter of the chromosome, and 12 out
of the 38 common markers. The map positions obther 26 markers are in close agreement
between the two maps.
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Figure 2. BovGen RH maps of the chromosome 4 comparedettithRC 2004 linkage map.
The number of markers in each map is indicatedackets. Lines between the maps connect
markers common in both maps. Only marker names ammboth maps are displayed.
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Figure 3. BovGen RH map of chromosome 26 compared withctireesponding MARC
2004 linkage map. The number of markers in each mamdicated in brackets. Lines
between the maps connect markers common in botls.n@&gdy markers names common in
both maps are displayed. Locations of discussekhdi@ groups and their orientation are
indicated by arrows.
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Figure 4. BovGen RH map of chromosome 7 compared with theesppnding MARC 2004
linkage map.The number of markers in each map is indicated@chkets. Lines between the
maps connect markers common in both maps. Only enswrkames common in both maps are
displayed. Locations of discussed linkage groukthair orientation are indicated by arrows.
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IV-IV Comparison with the 6x bovine assembly

Of the 3966 markers successfully included in the RBjp, 2898 could be unequivocally
assigned to a position in Btau 2.0 bovine seque@@&/ were assigned to the same
chromosome, but 131 mapped on different chromosdratseen the BovGen RH map and
the sequence. On seven chromosomes inconsistemassits involving groups with three or
more markers were observed (table 2).

On most chromosomes there were many differencegekbeatthe map order and the sequence:
only on two chromosomes, BTA 9 and 14, the disarej@gs were minor, involving a few
individual markers in a different order. On mostarthosomes large discrepancies involving
complete linkage groups and/or large numbers oividdal loci were seen particularly on
chromosomes 5, 7, 16, 22, 25 and 29. On chromodd@mnesix linkage groups are located at
different position on the sequence compared wighBbvGen RH maps (figure 5).

When markers that were at inconsistent positiortevden the BovGen RH and either the
ILTX or MARC linkage maps were removed, 217 commmoarkers with the ILTX RH map
and 771 common markers with the MARC2004 linkage memained where the available
mapping data were in agreement. The mapping orflétese markers was then compared
with the order in the bovine sequence. Using oné/rharkers that are consistent between the
BovGen and other RH or linkage maps, the companeitim the Btau_ 2.0 sequence reveals
considerable discrepancies across the whole gen@me&hromosome 5 six markers which
could be assigned to positions in the sequencendbg@ppeared with inconsistent positions
(BP1, AGLA293, ILSTS022, CSSM022, ILSTS066). The remaining markers are in close
agreement between the three maps and reveal smmifinconsistencies with the sequence
assembly (figure 6).
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Table 2. Inconsistent chromosome assignments between th&&oWRH map and Btau_2.0
sequence. Only the seven most significant casedistee, involving at least three linked
markers. HSA4 is a homologue to BTA6, MM15 and HSA8TAS, HSA14 to BTA21 and
HSA17 to BTA19. Most 8 likely assignments are aaded by bold font.

Case Markers Assignment Assignment Other assignments

involved BovGen RH Btau_2.0 BTA species, chromosome [reference]
BTA

1 BMS4030 1 4 BTA1 [40]
BOVGEN_158
BOVGEN 91

2 MAF23 5 4 BTAS [41]
BZ855103
BZ864360

3 ADH7 6 21 HSA4™ [42, 43, 44]
ADHTA
ADNIC

4 PTKZB 8 5 BTAS [1], MM15% [29], HSAS" [30]
BZ948637
B4GALT1

5 KIAA0284 11 21 HSA14% [31]
QIY4F5
KNS2
BTBDE&

6 BZ850749 14 25 -
CCH517527
CC471629

7 ACLY 19 23 HSA17" [45, 46]
KLHLT1
SC65
JUP
E0362G17
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Figure 5. BovGen RH map of the chromosome 16 compared wieh6th bovine assembly
and the MARC 2004 map. The corresponding sequangkasty hits are connected by lines.
The number of markers in each map is indicatedachkets. Only marker names common in
both maps are displayed. Locations of discussé&adj@ groups are indicated.
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Figure 6. BovGen RH map of chromosome 5 compared with thdo@xne assembly and
with the MARC 2004 and the ILTX RH map. Markers wathiwere inconsistently mapped
between the two RH and the MARC linkage mp and assigned to a position of the
sequence assembly were removed. Lines betweenapg connect common markers.
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V-Discussion

The resolution of genome maps differs between ambres, and all approaches, including the
assembly of a whole genome sequence, are pronerdcs:ein some cases insufficient
information is available to assign the correct omlepositioning of loci, while data errors can
introduce distortions in the maps. The ultimatecyeae map of a species is the correctly
ordered DNA sequence. Achieving the correct sequessembly uses several levels of
information. Sequence information from other spgciecluding the human genome could be
used as a template, but should be treated withemetrcaution as local species specific
variations are known (Ranz et al., 2001).

Direct sequence information is used for local as¥gnof shot-gun sequence reads into
contigs, and these contigs are then assembledadaftolds using additional information, such
as overlapping clones, and sequences from paioee @nds. The ordering of these scaffolds
on chromosomes and assembly of the final seque&ties pn additional mapping information,
including BAC fingerprint contig maps, linkage magpsd RH maps.

In this work it was described a RH map with appnoxiely 4000 mapped loci which will
contribute to the assembly of the bovine genomeesce.

V-1 Comparison with other linkage and RH maps

The reliability of different maps can be assessg@*amining consistency in alignment of
common loci, however it is important that the im@tion used when assembling the maps is
independent, as circular arguments can give a fals&sure of agreement. In contrast to the
approach of Itoh et al. (2005) it was not usedkadge map as template for the construction of
the RH maps presented here because the aim wasdamble the most likely maps using only
the RH information. This independent data can themsed to assess potential errors across
different maps. It was carried oaih alignment of the BovGen RH maps with the other
available maps of the bovine genome and with tlaeIB2.0 sequence assembly, but only after
the maps were constructed. This approach couldtresmaps that are less consistent with
other published information, but it is importantrealise that is the only way to contribute
new information. This independent mapping informatcan be used to develop a combined
map which carries a measure of map confidence doaseimilarity and differences between
maps using independent data.

The BovGen and ILTX RH maps (Band et al., 2000;r&svean der Wind et al., 2004; Everts-
van der Wind et al., 2005) appear to be more cterdisvith each other than with the MARC
2004 linkage map. Some inconsistencies betweemdmlkand RH maps may be due to the
different mapping approaches, however; the observaif the apparent higher consistency
between the RH maps must be treated with care.Bdw&sen RH map has fewer loci in
common with the ILTX map than with the MARC 200shKage map and so fewer
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discrepancies could be detected. Moreover, the linfap consists of 71 unordered linkage
groups which are a major source of the inconsigsnc

V-II Comparison with the sequence assembly

Sequence similarity search algorithms used to ahigps with Btau_2.0 have a considerable
risk of errors as the algorithms might also detgehe duplications or similar motifs in
different genes. To minimize this problem it wasdisery stringent parameters for minimum
homology and maximized the required length of a@rbetween sequences. In addition
sequence matches were assessed manually befongtimgdeits as correct. Thus the loci
aligned between the different maps and the sequearcg a very high probability of correctly
assigned homology. Differences in the positionnofividual markers in different maps could
be simple technical variations explained by usinifeent parameters and algorithms to
construct the multipoint maps. Inconsistencieshiem ¢hromosomal assignment of individual
markers may also have simple explanations, suclpas primer design resulting in
amplification of related loci, and not the targetcds. Of greater importance for the
interpretation of the map information are incoresisies affecting whole linkage groups. To
minimise the propagation of errors in individual ppawe eliminated markers that were
inconsistently mapped from further analyses agdiessequence assembly.

While the BovGen RH map is in general agreemertt Wie ILTX map and the MARC 2004
map, chromosomal regions of high agreement withBteu 2.0 sequence are quite rare.
Many differences in the marker order between theuB2.0 sequence and the BovGen RH
map cannot be detected when comparing the two RHREnMARC linkage map. Therefore,
after eliminating regions and markers that weremststent between these maps, we found
that there was poor overall consistency betweerRtheand linkage maps with the Btau_2.0
bovine sequence assembly. For example on chromodaime marker order on the BovGen
RH map is in agreement with the MARC 2004 and ILiT&p, but is inconsistent with the
sequence assembly. The extent of the inconsisteni@tected with the sequence assembly
reveals the need for improvement by inclusion athier combined mapping information
(figure 6).

If we consider regions where there are inconsisésrmetween the different mapping methods,
e.g. on chromosomes 7, 25 and 29, the assemblecbrsss is most consistent with the
linkage map. Recalculating the maps for these tblgemosomes using only markers that
can be located in the bovine sequence gives a emgth for chromosomes 7, 25 and 29 of
3780,7 cR, 1788,5 cR and 1683,1 cR respectivelgmthe markers are ordered according to
the original BovGen RH maps. If the common markeesforced into the order they appear
in the sequence assembly: the map lengths ingeads67,.6 cR for chromosome 7, 2680,5
cR for chromosome 25 and 2683,3 cR for chromosddeurzd the log likelihood decreases
from -1306,58 to -1615,01 (BTA 7), from -763,13+4@82,82 (BTA 25) and from -741,18 to -
976,64 (BTA 29). The marker order suggested by lbeine assembly and the MARC
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linkage map is therefore incompatible with the datalerlying the BovGen RH maps for
these chromosomes.

V-1lI Assignment of markers to different chromosomes

The most significant problem in the genome assenmblthat of erroneous chromosome
assignments. By comparing assignments among ditf&e and linkage maps and also using
comparative human or mouse information, it seeka\lithat the assignment in the bovine
assembly is most often at fault (table 2). For eplanthe marker$TK2B, BZ948637 and
BAGALT1 (table 2, case 4) are closely linked on the Bov&éh map of BTA 8 and the
linkage map of Barendse et al. (1997) which alsaties the genes on BTA 8. This is also
consistent with data from Fiedorek and Kay (1995pwnappedPYK2B (alias PTK2B or
Fadk) on murine chromosome 15 and Inazawa et al. (188®) mapped the gene on human
chromosome 8 at positions which share conservati@ynteny with BTA 8 (Everts-van der
Wind et al., 2005).

In contrast these marker loci are placed on chromes5 in the Btau_2.0 sequence assembly.
All three markers are located on a single sequascedfold (chr 5.80), suggesting that the
chromosomal assignment of this scaffold is wrong.

The linkage group formed by the markdf6AA0284, Q9Y4F5, KNS2 and BTBD6 was
assigned to chromosome 11 on the BovGen RH mapsguers the assignment is not
consistent with other mapping data (table 2, cgséltse human homologues of these loci
map to human chromosome 14 (Goedert et al., 199§Jests that this group is correctly
assigned in the Btau_2.0 sequence to chromosoma@®1hat the BovGen RH assignment is
incorrect. Nevertheless the linkage of this groomther markers on BTA 11 is convincing
with LOD linkage values up to 13,8 between the exi& markerKIAA0284 and the
neighbouring markers on the BovGen RH map. If timkage group is tested with markers
located on BTA 21 using the BovGen RH datasetdhaws no linkage. In the Btau_2.0
assembly this linkage group is at an extreme tefmmposition and suggests that the
statistical support for this assignment is weak amy have been made on the expected
position derived from the supposed conservationsyiteny between human and cattle
chromosomes.

The markerdBzZ850749, CC517527 and CC471629 are assigned to chromosome 14 on the
BovGen RH map and to chromosome 25 in the Btauséjdence assembly (table 2, case 6).
These markers are derived from BAC end sequence®oés from the CHORI-240 library
and are not present on other maps which could &e fes comparison. All these markers are
assigned to the scaffold Chr25.84 and are in ancbsomal region of the assembly with a
low density of corresponding markers. In contrastlee BovGen RH map, the markers in the
same region are at a higher density. This suggeatshese markers are more tightly linked
on the BovGen RH map and correctly positioned. Ndher information is available to
resolve this inconsistency.
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VI-Conclusions

There is striking consistency between the RH mapsemted here, the MARC linkage map
and the ILTX RH map. Using this data it is possiolédentify possible errors in the assembly
of the current bovine genome sequence and hendbdaitprovement of the next sequence
build. The inconsistencies between the BovGen RH,Illinois-Texas RH and the MARC
linkage maps fall into three categories, markeet #re assigned to different chromosomes,
which are few, minor rearrangements, which accdonthe majority of discrepancies, and
major rearrangements of marker, or linkage growemnwhich also are few. When the major
discrepancies between these maps are removedeaniangber of inconsistencies still remain
with the bovine sequence assembly. Using the comsbmapping information available from
the high-resolution RH maps presented here togetitbrthe additional map data available
from publicly available RH and linkage maps shoalldw the next assemble of the bovine
genome sequence to be improved considerably.
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Second Part: The microRNA in the mammary gland

I-Introduction

[-1 The miRNA
I-I-a RNA silencing and miRNA

From the discovery of the structure of DNA (1953atébn and Crick) to our days, big steps
have been done in discovering the biological meishas with which DNA can carry the
genetic information, can transmit it from one delbne other and transfer it in a molecule of
RNA and later in the structure of a protein, thmafifunctional actor of the biology of a cell.
Even if the recent completion of the human, mouse ather eukaryotic genomes were
important scientific milestones towards the underding of eukaryotic biology, it's not easy
to assess which regions of DNA have simply stradtiunctions, which are really transcribed
and code from a protein, how many genes are pieserd genome. In the human the last
reported genome annotation has identified only REZBRO00 protein-coding genes
(International Human Genome Sequencing ConsortiR@@4), in contrast with previous
higher estimate (Fields et al., 1994) and thiserasme questions about the real definition of
an eukaryotic gene. A possible answer could bedanrthe presence of alternative-splicing
and of many non-coding RNA gene that do not hawecéear “Open Reading Frame”(ORF)
and are very difficult to predict from genomic segoes (Costa, 2005).

For many years RNA was considered to be just aocgssolecules involved in mediating
transcription and translation. RNA molecules argywersatile and their chemical properties
allow them to form complex tertiary structures dalpaof performing several roles that were
thought to be under the exclusive domain of praetdiaizymanski et al., 2003). They can
interact with different proteins forming ribocompés, they can associate with specific DNA
and/or other RNA sequences, controlling severakespof gene regulation and different
molecular connections in cells that are only pHytidiscovered (Mattick, 2004).

In 1969, Britten and Davidson for the first timeposed that RNAs can solve the problem of
eukaryotic gene regulation determine which genestamed off and on by base-pairing
against DNA (Britten and Davidson, 1969). The idess abandoned with the discovery of a
large class of protein transcription factors.

It was only in the 1990 that two different groupiscovered for the first time the mechanism
of RNA silencing like an internal mechanism of defe in petunia observing a
‘cosuppression’ of a transgenic and an endogenens gfter the introduction of the first one
in the plant (Napoli et al, 1990; van der Krol &t 4990). In some years this phenomenon
was discovered in a broad spectrum of eukaryotes; fungi to flies (Zamore and Haley,
2005) and it was shown to be involved in a plethofranechanism like the regulation of
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transcription, of chromatin structure, of genom&egnity and, most commonly, of mMRNA
stability.

More precisely double stranded RNA-mediated gelemaing is a general term that refer to
several pathways by which double stranded RNA cahestrate epigenetic changes, repress
translation, and direct mRNA degradation in a seqaespecific manner. These diverse
effects of non-coding RNA on gene expression haenltiermed RNA interference (RNAI)
(Rao and Sockanathan, 2005). It is carried outreg tifferent class of small non-coding
RNA: small interfering RNAs (siRNAs), repeated-asated small interfering RNAs
(rasiRNAs) and microRNAs (miRNAS) that are distirgied by their origin, but that share a
common set of proteins in the mechanism of prodaciind action.

In the main lines RNA interference is triggered dguble strand RNA (dsRNA) precursor
that vary in length and origin and that is procdsisethe cytosol by a specific ribonuclease
called Dicer into a short RNA duplex of 21 to 2&lewtides in length which determines in a
sequence-specific way which mRNA should be degeatlakhis short double stranded RNA
guides a protein complex to the recognized mRNA&gathat is silenced by cleavage or
translational repression.

In nature double stranded RNA can be produced b Bdlymerization starting from a viral
RNA, for example, or by hybridization of overlapgitranscripts, for example from repetitive
sequence such as transgene arrays or transposacts.dSRNA give rise to SiRNAs or
rasiRNAs which generally guide mRNA degradatiorloromatine modification.

In the contrary endogenous transcripts that contamplementary or near-complementary
20-to 50-base-pair inverted repeats fold back @m#elves to form dsRNA hairpins. These
are processed in miRNA, that in the most part gesarepress translation, but that can also
guide the degradation of mMRNA (see review: Meisted Tuschl, 2004). This class is
predicted to regulate alone one third of all hurganes.

I-I-b The discovery of miRNAs

MIiRNA are a class of evolutionary conserved, snfaB-25 nt) non-coding RNAs that
negatively regulate gene expression at the possdrgtional level.

The finding member of miRNA familylin-4, was identified inC.elegans through a genetic
screen of mutants for defects in the temporal obwoir post-embryonic development (Chalfie
et al., 1981; Ambros, 1989).

In C.elegans the post-embryonic development pass through fd@erdnt larval stages (L1-
L4) in which cell lineages have distinct charadis. Lin-4 encodes a 22-nt non coding
RNA that is partially complementary to a short {J conserved site in the 3’-untranslated
region (3’'UTR) of thdin-14 gene, its target (Lee et al., 1993; Wightman ¢t18l91).Lin-14
encodes a nuclear protein that is normally dowrleggd at the end of the first larval stage to
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allow the developmental progression into the sedandal stage (Ruvuk and Giusto, 1989)
| (figure 1).

Figure 1. The stages of development Gfelegans and the mechanism of action of lin-4.
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Mutants forlin-4 do not progress in the second larval stage showgitgration of specific
cell-division pattern of first larval stage evenelan the development. Opposite phenotypes
were observed in mutants deficient for-14 and even before the molecular identification of
lin-4 andlin-14 these genes were placed in the same regulatohyvpgton the basis of
opposite phenotypes and antagonistic genetic ictiera After a series of molecular and
biochemical studies was demonstrated that thetdaed imprecise binding din-4 to the
3'UTR of lin-14 was able to reduce the amount of the LIN-14 proteithout changing in
the level oflin-14 mRNA (Olsen and Ambros, 1999). These evidencepa@tgd a model in
which thelin-4 RNA pair to the 3'UTR olfin-14 to specify translational repression of it as
part of the regulatory pathway that control theitignof development in the worm. Also
another target ofin-4 was discoveredjn-28, a cold-shock-domain protein that initiates the
developmental transition between L2 and L3 stalyes$ et al., 1997).

For seven years any others miRNA was identifiedeématodes and there was no evidence of
any similar non coding RNAs beyond nematodes.

In 2000, the second miRNA was discoverett7, also using forward genetics @Elegans.
let-7 encodes a temporally regulated 21- nt RNA thadibito the 3° UTR ofin-41 andlin-57,
inhibiting their translation (Lin et al., 2003; Adirante et al., 2003; Slack et al., 2000; Vella et
al., 2004)et-7 controls the transition from L4 stage to the adtdige (Reinhart et al., 2000).
The identification oflet-7 not only suggested the existence of a new classaécular
regulator of the timing of developmental transifidmut also it opened the way to the
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discovering of manyet-7 homologs in other species. Pasquinelli et al0Q2Gound, first
through BLASTN searches, the existence of homolofyset-7, later experimentally by
Northern blot, their expression in all stages ofedepment ofD.Melanogaster and in all
tissues of human. They went on to find homologsalirvertebrates studied and in the same
time siRNA were discovered and it was shown thahmponents of the siRNA apparatus
processing RNA are also involved lim-4 andlet-7 expression. This suggested that these
small RNA could be more common than jlist4 andlet-7. In less than one year, thanks to
the work of three different labs, approximately ¢tnuedred of miRNA were cloned from flies
(20 in Drosophila), worms (60) and human cells (30) (Lagos-Quintainal., 2001; Lau et al.,
2001; Lee and Ambros, 2001). This first group oRIMA identified showed the same length,
the same way of production from an endogenous pecuand they were generally
evolutionary conserved, some quite broadly, otleaitg in more closely related species such
as C.eegans and C.briggsae. Even in this first group some showed a tissuecadtular-
specific expression, differently frohm-4 andlet-7, whose expression is temporally-regulated.
Intensified cloning efforts have revealed numer@dslitional mIRNA genes in plants,
mammals, fish, worms, flies and even virus (Lagasa€ana et al., 2002, 2003; Mourelatos et
al., 2002; Ambros et al., 2003; Aravin et al., 20D8stie et al., 2003; Houbaviy et al., 2003;
Kim et al., 2003; Lim et al., 2003) giving origia the first microRNA registry, a public list to
catalog miRNA and to facilitate the naming of nevdgntified genes (Griffiths-Jones, 2004).
More than 330 miRNA have been cloned in humansffitas-Jones et al., 2006; Hsu et al.,
2006) and bioinformatic tools predict that they Idolbe 1.000 and can represent up to the 3-
5% of all the genes in the human genome.

Their high number, their spatiotemporal, tissued agll-type expression and the extensive
conservation strongly indicated an important rolelévelopment, like it was supported later
(Bartel 2004; He and Hannon, 2004).

I-1-c Biogenesis and mechanism of action

MiRNAs genes are widespread in the genome and gleeiomic localization and organization
vary together with their mode of transcription (&&r2004).

Most mammalian miRNA genes come from regions of g@mome quite distant from
previously annotated genes and are considereaiapendent transcription units with specific
promoter core elements and polyadenylation sig(Résquinelli, 2002; Cullen, 2004; Kim
and Nam, 2006).

The remaining are located part in long non codibftpARranscript or, in the majority of cases,
in introns of protein encoding genes. These areémoscribed from their own promoter, but
they are transcribed together with their host gef@sexample processed from introns by
alternative splicing (Aravin et al., 2003; Lagosi#Qana et al., 2003; Lau et al., 2001; Lee
and Ambros, 2001).
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They could be present singularly or in cluster. Thest part of human anBrosophila
mMiRNA are clustered. These clusters are singlestrgption units and produce poly-cistronic
transcripts. Often the miRNAs within the same geoctuster are related to each other, like
it happens, for example, for the orthologs®iElegans lin-4 andlet-7, that are coexpressed
from the same cluster in fly and human genomesyAret al., 2003; Bashirullah et al., 2003;
Sempere et al., 2003). This suggests that in tiheesgroup miRNAs with no apparent
sequence homology could have functional relatignshi

Not all the molecular steps that elucidate the @magis of a miRNA starting from its
transcription to its maturation are well establgl@nd the general model often refers to the
biogenesis of the first miIRNA identifietin-4 (Conrad et al., 2006).

The generation of miRNAs is a complex multistepcess that occurs in two separate cellular
compartement, the nucleus and the cytoplasm, andgdwhich miRNA pass four different
stages and structure: primary miRNA, precursor mARNuplexed miRNA and active
mMiRNA (figure 2).

A primary miRNA (pri-miRNA) of 100 to more then @0 nucleotides in length, is
transcribed from the genome by RNA polymerase thaanucleus (Song et Tuan, 2006).

Figure 2. Biosynthesis and mechanism of actions of miRNs&®l the main molecular
components involved
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Initially RNA polymerase lll was the candidate ftire transcription of miRNAs, like it
happens for some of the shorter noncoding RNAsdudeg tRNAs, 5S ribosomal RNA and
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the U6 snRNA, but numerous evidences supporteddtigity of the RNA polymerase Il (see
review: Di Leva et al., 2006). In the beginning e&l long transcripts comprising miRNAs
were identified in expressed sequence tags anddbeiplex expression control was typical
of those transcribed by RNA polymerase ll, latee @ssociation with this enzyme was
demonstrated clearlyuntil now only a few different pri-miRNA have beesolated and
characterized, three from human, one fiGHalegans, one from plants and they all are capped,
polyadenylated and apparently noncoding (Culle®420

In the nucleus the pri-miRNA is converted to preourmiRNA or pre-miRNA , a 60-70
nucleotides stem loop intermediate, through thawage activity of the Drosha enzyme, a
nuclear Ribonuclease Il endonuclease which clegwedlank regions of pri-miRNA (Lee et
al., 2002, 2003; Zeng and Cullen, 2003).

Drosha can cut only pri-miRNAs that have a largenteal loop (>10 nt) in the hairpin and a
stem region one turn bigger than the precursoan®l 3’ single-stranded RNA extensions at
the base of the future miRNAs (Filipowicz et alQ08, Tomari and Zamore 2005). The
hypothesis is that Drosha recognizes the primaegwsor through the stem-loop structure
and then cleaves the stem at a fixed distance th@mrloop, liberating the pre-miRNA and
determining one end of the mature miRNA. It's nielac in which way Drosha recognizes the
pri-miRNA stem-loop from stem-loop of other RNAshd pre-miRNA presents a 5’
phosphate and 3’hydroxy termini and two or threeclentides with single-stranded
overhanging ends, classic characteristics of Ribl@ase 111 cleavage of dsRNAs (Di Leva et
al., 2006). It is 60-70 nucleotides long with eaperfect stem-loop structure. In the stem part
of one of the two arm is present the sequenceeofrthture miRNA and in the other arm the
near complementary miRNA* that will be later elirated.

The pre-miRNA is actively transported from the mwd to the cytoplasm. Pre-miRNA
interacts with the export receptor Exportin-5 (Exgiim, 2004) and RanGTP forming a
nuclear heterotrimer that promote the stabilizatadnpre-miRNA and is exported to the
cytoplasm. Once the heterotrimer reach the cytopldsough the nuclear pore, the RanGTP
is hydrolyzed to RanGDP and the pre-miRNA is redea®i Leva et al., 2006).

In the cytoplasm the pre-miRNA is processed inte?2&ucleotide imperfect double strand
RNA duplex (miRNA: miRNA*) by the cytoplasmic Ribanlease lll, Dicer, that acts, in
humans, with the trans activator RNA (tar)-bindprgtein , TRBP (Chendrimada et al. 2005).
Dicer contains a putative helicase domain, a DUF&&Bain, a PAZ (Piwi-Argonaute-Zwille)
domain, two tandem RNase-1ll domains and a dsRN#&libg domain 8 (dsRBD). The PAZ
domain is responsible of the interaction of Dicathwthe 2-nucleotide 3’ overhangs of
dsRNA such as the pre-miRNA. The efficient Dicexaslage also requires the presence of the
overhangs and a minimal stem length. The modelnassuhat the PAZ domain of Dicer
recognizes the end of the pre-miRNA and can positie site of the second cleavage on the
stem of the precursor. The variable size of thedpeg from 18 to 22 nt, results from the
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presence of bulges and mismatches on the pre-mifffisient cleavage requires dimerized
RNase Il domains because the functional catabite resides in the interface of the dimmer
(see review: He and Hannon, 2004).

Like Dicer also Drosha has two tandem RNase-Il dom& he exact biochemical mechanism
that guides the cleavage has not been elucidatet'9oprobable that it shares closely related
mechanism for processing miRNA.

In plant no Drosha homologues have been found arsiliggests that the maturation of
mMIiRNA from long primary transcript should occurfdiiently comparing to the animal model.
However there are four Dicer homologuesArabidopsis thaliana, DCL1, DCL2, DCL3,
DCL4, two of which contain nuclear localizatiomsals. It seems possible that in plant the
Drosha function is carried out by one or more sexgd Dicer. In plants deficient for DCL1
not only the production of some miRNA is reducedt, &lso is not detected the accumulation
of the corresponding pre-miRNA. A model in whichcBxi specialised enzymes catalyse both
Drosha and Dicer cleavage for the maturation of MAR inside the nucleus has been built.
The functional specificity of different Dicer enzgs in organisms with multiple Dicer
homologues has recently been indicated alsbriwsophila and the function of Dicer seems
not simply restricted to the cleavage, but alsoatated to the initiation of RNA-silencing in
the effector complex (see review: He and Hannof420

Only one strand of the dsRNA contains the miRNAt theeferentially enters the RNA-
induced silencing complex (RISC), the effector protcomplex in which the miRNA pairs
the mRNA target and produces its degradation omthibition of its translation into a protein
(see review: He and Hannon, 2004).

This effector complex shares so much core compsnetth that of SiRNA that it's generally
called RISC for siRNA and miRNA even if in humantsicalled miRNP, miRNA
ribonucleoprotein, after the identification of tpeoteins that constitute it (Hutvagner and
Zamore, 2002; Mourelatos et al., 2002). Severdepme have been purified and identified as
essential components of RISC, but only a few hasenbfunctionally characterized (see
review: Di Leva et all., 2006). RISC has been pedifin many organisms and it always
contains a member of the Argonaute protein familyich is thought to be a core component.
Many Argonaute proteins were already identifiedviorms, fungi and plants and shown to be
implicated in the mechanism of RNA silencing. Thes®lutionary conserved proteins of
approximately 100 kDa are called also PPD proteatause they all share the PAZ and PIWI
domains. The first one domain has the functioninad kveakly to

single-stranded RNA and also to double stranded RNi& suggest that this protein can have
the ability to bind miRNA before and after its asistion with the mRNA target. Structural
and biochemical studies have proved that the Angngroteins are the target-cleaving
endonuclease of RISC, and that the complex is cuatet also by other proteins whose
functions are not really understood, like the RNAelng protein VIG, the Fragile-X related
protein inDrosophila, the exonuclease Tudor-SN, and many other putaglieases (Nelson
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et al., 2003). In humans miRNP is constituted by #rgonaute protein called elF2C2
(Martinez et al., 2002), and other two helicasemn{a3 and Gemin4.

When the miRNA strand of the miRNA: miRNA* duples loaded into the RISC the
miRNA* is unwind and rapidly degraded. The targeedficity and probably also the
functional efficiency of a miRNA requires that theture miRNA strand from the duplex be
selectively incorporated into the RISC for targatagnition (see review: Bartel, 2004). What
is the mechanism for choosing which of the tworstrenters the RISC? Some evidences
show that the strand that enter is nearly alwagsaiee whose 5’ end is less tightly paired
(Khvorova et al., 2003; Schwarz et al., 2003). Aftee cleavage of Dicer the stability of the
5’ ends of the two strand of the duplex is usudifferent. It seems that helicases present in
the RISC take with the same frequencies both tloeoérthe two strand before beginning to
unwind the duplex and that finally the relative eead unwind the less stable facilitate its
preferential incorporation into the RISC, determgithe asymmetrical assembly of the
complex.

The precise mechanism that underlies post-trartgumgd repression by miRNAs still remain
unknown. We know that two processes exist for miRNAdiated gene regulation:
degradation of the target mMRNA and translationpiession, depending largely on the degree
of the complementarity between the miRNA and tihngeta The miRNA will specify cleavage

if the mRNA has sufficient complementarity to theRMNA or it will repress productive
translation if the mRNA is only partially complentary, but has a sufficient number of
MIiRNA complementary sites (Hutvagner and Zamor@22@eng et al., 2002, 2003; Doench
et al., 2003). This model is supported from manigl@wces, but it can not be considered a
general rule because there was at least one casglaht miRNA, miR-172 irA.thaliana,
that regulates APETALA2 via translational repressiadespite the near-perfect
complementarity between the miRNA and the targatk@kman and Sakai, 2003; Chen,
2003).

When miRNA guides the cleavage the cut happens preaise position, between the
nucleotide pairing to residues 10 and 11 of theM#RIlike it happens for siRNA (Kasschau
et al., 2003; Hutvagner and Zamore, 2002; Llaval.e2002) and it appears to be determined
relative to miRNA residues, not to miRNA: targesbaairs. After cleavage of the mRNA the
MIiRNA remains intact and can guide the recognitol destruction of additional mMRNA
(Tang et al., 2003).

The mechanism of translational inhibition was fobserved and studied looking at the RNA-
silencing oflin-4 over lin-14 in C.Elegans. It was observed that in the animal kingdom
mMiRNA typically mediate translational repressiothea than mRNA cleavage, that is more
common in plants, even if recently one miRNADnosophila, miR-196, was found to direct
MRNA cleavage of its target, Hoxb8 (Yekta et aD042). It seems that in animal generally the
mMiRNAs have a lower degree of complementary to mRBiyets comparing to the nearly
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perfect base pairing of plant miRNA to the corregping target, that in plants generally
guides to its destruction (Hake, 2003). It was oles that the cooperative action of multiple
RISC provide the most efficient translational intidn (Doench et al., 2003). This correlates
with the presence of multiple miIRNA complementanyes in most genetically and
computationally identified targets of metazoan mikRNt has been proposed that different
mMiRNA can regulate the same target and that egistsmbinatorial control (Reinhart et al.,
2000; Abrahante et al., 2003; Lin et al., 2003).

We know that the complementary sites for the knonaiazoan targets reside in the 3' UTR
of mMRNA, in contrast with the target complementaijes in plants, that are located
throughout the transcribed regions of the targetegésee review: Bartel, 2004). It was
demonstrated that in metazoan the most importebsicomplementarity to the target on the
MIiRNA sequence is a short portion at the 5’ endedfen nucleotides, from residues 2 to 8.
Actually this short sequence is the most conseanedng homologous metazoan miRNA
(Lewis et al., 2003; Lim et al., 2003), it was otveel to be perfectly complementarity to
multiple 3' UTR sites involved in post-transcriptid repression also in invertebrate (Lai,
2000), moreover this heptamer seems to be the nseétl to productive prediction of target
MRNA and is the most important complementary dige & plant miRNA. We don’t know
why the complementarity to the 5’end is so univigysenportant, but understanding the
mechanism of pairing of miRNA to the mRNA in theSR will also help to reveal the
process of translational repression.

I-I-d Approaches to microRNA discovery(see review : Berezikov et al., 2006)

The first step to discover and understand the giolaf miRNA is to isolate and identify the
MiRNAs expressed in the cells and organisms ofreste Since the discovery of the first
MIRNA, lin-4, in C. Elegans, many miRNAs have been identified or predicted wwvide array
of organism. In 2003, the rapid growth of the numiifeniRNA genes led to the creation of a
comprehensive an searchable database of publisi®dAnsequences via a web interface :
MIiRNA Registry [ttp://microrna.sanger.ac.uk/sequencgsriffiths-Jones, 2004). This was
created with two objectives: to avoid to assignquei names to distinct miRNAs and to
provide a database for all miRNAs sequences, imatudhe stem-loop sequences, the
genomic location, homologous sequences and podgsitget predictions. The miRNAs are
annotated with numerical identifiers based on segeesimilarity. For homolog miRNAs in
different organisms, itm is usual to assign theesammeon the similarity of the 22-nt mature
sequence. Identical mature forms are assignedatime :ilame and, if identical miRNAs are
produced from different genomic loci they are difgtiated by suffixes, such as “miR-16-1"
and “miR-16-2"; if there are differences in onetato bases they are denominated with a
final different letter such as “miR-181a” and “m&1b”. If two miRNA derive from the two
arms of the same precursor it is added to the miRbiAe the suffix 5p and 3p to identify the
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two different arms, until the data will confirm vahi form is predominantly expressed, while
the species less expressed is normally denoted hygtarix (Di Leva et al., 2006).

In October 2006 the miRNA Registry contained 4.&biries from 40 organism including
viruses and mammals, counting 332 human miRNA (€r20606).

It was necessary a uniform definition of miRNA tonatate new “candidate miRNA” like
true miRNA to prevent misclassification of othempég of small non coding RNA like
MIiRNAs (see review: Berezikov et al., 2006).

MiRNAs were defined as non coding RNAs that fulfite following combination of
expression and biogenesis criteria:

1) mature miRNA should be expressed as a distincstrgst of approximately 22 nt that
is detectable experimentally (by Northern blot gses$, cloning, real-time quantitative
PCR. in situ hybridisation, primer extension..);

2) mature miRNA should originate from a precursor wéthcharacteristic secondary
structure, such as hairpin or fold-back, withouy &rge internal loops or bulges, and
mMiRNAs should occupy the stem part of the hairpin;

3) mature miRNA should be processed by Dicer (Ambtad.e2003).

The definition implies that miRNA should have a amstrated function, however biological
function has been elucidated only for a few miRN#l dhe criteria established for miRNA
classification (Ambros et al., 2003) do not incluthe requirement of a biological role.
Instead, an optional but commonly used criteriorthis phylogenetic conservation of the
mature miRNA, an indirect indication of a possililenction. Strictly speaking the term
“candidate miRNA” should be used as long as thection of miRNA is unknown, but
practically evidences of expression of a 22-ntdcaipt and of the presence of an hairpin
precursor are sufficient to classify a sequence msRNA.

All approaches to discovering miRNAs are basedhasé definitiorand can be split in two
groups:

1) experiment-driven methods, in which the expressadnsmall miRNA is first
experimentally established and structural requirgsér the precursor are searched
later by bioinformatic tools;

2) computation-driven approaches, in which candidatBNA are first predicted in
genome sequence using structural features and sskgneis demonstrated later
experimentally (Berezikov et al., 2006).

In the beginning forward genetics methods were @bldentify the first miRNAs genekn-4
and let-7, but since then only four additional miRNAsantam, miR-14 and miR-278 in
Drosophila melanogaster (Brennecke et al., 2003; Xu et al., 2003; Telermath Cohen, 2006)
and lys-6 in C.elegans (Johnston and Hobert, 2003), have been discoveyedotward
genetics approaches. The inefficiency of this m#ghoan be explained by the difficulties in
targeting by spontaneous or induced mutagenesisniRNA sequence and specially the
“seed sequence” of 7 nucleotide determinant forr tienctionality, considering their
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redundancy (Abbott et al., 2005), which often tatermutations that does affect the ‘seed
sequence’ and does not result in strong variatidhe phenotype of the mutants.

The preferred approach to the identification of M/ is to sequence size-fractionated
cDNA libraries. An initial protocol useful for clamy small interfering RNA (Elbashir et al.,
2001) was shown to be adapt also for identifyingyynaniRNA (Lagos-Quintana, 2001).
Later little variations of it were developed indedently (Lau et al., 2001; Lee and Ambros,
2001) but all these successful protocols followghame principles (Aravin and Tuschl, 2005).
In the main lines an RNA sample is separated iaratliring polyacrylamide gel and the size
fraction corresponding to the miRNA is recoveretleil 5’ and 3’ adapters were attached to
the RNAs and a RT-PCR is carried out. The fragmang¢scloned into vectors to create a
cDNA library. The clones are sequenced and analyaeskarch the genomic origin of the
small RNAs. Bioinformatic tools are required to ckef the hairpin precursor is encoded in
the genomic regions where the small RNAs have Hbeealized and if this precursor is
conserved in other species. This analyses is coatpll because hairpin structure are
common in eukaryotes and are not a unique featfreBRNASs (Lin et al., 2006; Shen et al.,
1995) and moreover miRNAs should be distinguisliethfothers types of endogenous small
RNAs (Aravin and Tuschl, 2005; Kim and Nam, 2006).

The limit of cloning protocol is the difficulty tdiscover miRNAs that are expressed at a low
level, in specific stages or specific cell typesorBbver some miRNAs could be hard to clone
due to physical properties correlated to sequenmeposition or post-transcriptional
modifications, such as editing or methylation (larm et al., 2004; Yang et al., 2006).
Surveying genomic sequences to predict miRNAs begaopular after initial cloning efforts
generated sufficient information about miRNA prd@s to recognize a set of distinctive
miRNA features (Berezikov and Plasterk, 2005; Bécttyw 2005). On the basis of the
particular features of miRNAs different approachase been developed to predict miRNA,
but all of them use secondary structure informatroany rely on phylogenetic conservation
of both miRNA sequence and structure, other metlasdes the thermodynamic stability of
hairpins and refers to sequence and structureasitgibf known miRNAs, or search miRNAs
on the genome near known miRNAs already localized.

Many software, like MiRScan, snharloop, miRSeekerengeveloped to search miRNA on the
basis of conservation criteria referring to haigpstructure. The genome ©f Elegans (Lim

et al., 2003; Grad et al., 2003),@f melanogaster (Lai et al., 2003) and the human (Lim et al.,
2003) were analysed and the number of predicted\AiRtrongly extended on the basis of
haipin sequence similarity to experimentally canfsad miRNAs. The potential target
sequences of miRNAs have been analyzed in the 3'0flgenes in search of complementary
sequence to ‘seed sequences’ of known miRNAs. Usimgerved motifs that did not match
to any known miRNAs it was possible to predict otheRNAs candidates in human (Xie et
al., 2005). Similar approaches have been recemihliedd to the prediction of miRNASs in
A.Thaliana (Adai et al., 2005), flies and worms (Chan et2005).
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On the basis of the lower free energies of foldaigmiRNAs comparing to tRNAs and
rRNAs (Bonnet et al., 2004) was set a new softvilaa¢ combines thermodynamic stability
criteria with conservation criteria, Rnas (Washeatthl., 2005a, 2005b), that was successful to
predict additional miRNAs in various organisms (Hsal., 2006; Missal et al., 2006).
Recently other alignment-type methods have beerldpvo identify homologs of known
miRNAs “aligning” potential mMiRNA with known one #foth sequence and structural level
(Legendre et al., 2005; Nam et al., 2005; Wand.e2@05).

All methods that rely on phylogenetic conservatiam not predict non conserved miRNAs.
For this reason some neab initio approaches were developed that use only intrinsic
structural features of mMiRNAs and not external infations (Bentwich et al., 2005; Sewer et
al., 2005; Xue et al., 2005; Pfeffer et al., 20@3ch of these methods builds classifiers that
can measure how a candidate miRNA is similar tovkmoniRNAs on the basis of several
features, such as free energy of folding, lengtlthef perfect longest stem, average size of
symmetrical loops, proportion of different nuclelets in the stem, etc..(Sewer et al., 2005), to
which a model assigns different weights and an avecore result is measured for each
candidate miRNA.

All these computationally predicted miRNAs needbtovalidate experimentally. Validation
approaches can be split in two categories: thosedbmonstrate only miRNAs expression,
like Northern blot analyses (Lagos-Quintana et2001; Lau et al., 2001; Lee and Ambros,
2001) andn situ hybridization (Wienholds et al., 2005; Kloostermetnal., 2006; Nelson et
al., 2006), and others determine the exact sequehtee mature miRNA in the precursor
sequence, like cloning strategy and primer extenagsay (Seitz et al., 2004) or RNA-primed
array-based Klenow extension (RAKE) (Nelson et2004).

I-1-e Strategy to determine biological functiongsee review : Krutzfeldt et al., 2006)

The elucidation of the general mechanism of miRNAction in the regulation of gene
expression suggests a gene regulatory model inhwhiclearly encoded genetic information
is not only transcribed and translated into prageibut at the same time regulates these
processes through non coding miRNA. This paradigdsa new level of regulation and fine
control of gene expression that is likely to be amant for the maintenance of many, if not all,
cellular functions.

In spite of our ability to identify miRNA and elwate their biogenesis and the basic
mechanism of actions, very little is known regagdimiRNA function. With the near
completion of the miRNA inventory the focus is $inif to elucidation of their biological role.
For this purpose other scientific aspects have sagied, and the corresponding technology
have been developed, including the analyses opdlssible miRNA target by bioinformatics
prediction algorithms, preliminary inspections tietlocalization and the effects of their
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expression byn vitro or in vivo expression studies, by reporter assaysitu hybridizations,
over expression and silencing technologies.

Different complementary strategies can be usefildegin to study a miRNA of interest: it is
possible to examine the profile of its expressiomlifferent cellular contexts, and indirectly
make a first hypothesis on its possible role, mtedr identify its molecular target, strictly
connected to its function, before over expressingilencing a miRNAIn vivo andin vitro,
that is a task that requires a defined model aegdige technical competences, even if the
technology is now available.

From the first study irC. Elegans and inD. Melanogaster was evident that miRNA has not
only-spatio-temporal, but also tissue and cell-tgpecific expression. For this reason many
commercially miRNA microarrays including the cortteiound in Sanger miRBase 7.0
(http://microorna.sanger.ac.uwere developed making it possible to monitorugsspecific
MIiRNA expression and regulatory changes in devetal, physiological and disease states.
First results using oligonucleotide microarray @onéd the existence of several tissue-
specific miRNAs (BaskerVille and Bartel, 2005; Barat al., 2004; Nelson et al., 2004,
Thomson et al., 2004) that may suggest that soirteesn have an organ- or cell type-
specific functions. Microarrays have also been usedtudy miRNA expression profile
during differentiation of cells, such as myobla&sen et al., 2006) and preadipocytes (Esau
et al.,, 2004) or in disease state, most notably @mumancer, such as in B cell chronic
lymphocytic leukemia (Calin et al., 2002), in coloarcinomas (Michael et al., 2003), in
small lung carcinomas (Johnson et al., 2005; Takawa et al., 2004). It was shown for few
specific mIRNA that their level of expression catikase or increase typically in a particular
differentiation cellular stage or neoplastic tissaising the idea that miRNA profiling could
contribute to more precise tumor classificationd predict therapeutic outcomes in the future.
Several techniques have been developed to visualR&IA expressionn vivo. In C. elegans,

it was possible to study the activity of the miRNdomoter of miRNAs using reporter
cassette that contains the miRNA promoter regiased with the sequence of the green

fluorescence protein (GFP) @rgalactosidase, the reporter gene (Johnson eRG03). A
method to detect the presence of a specific miRNAigsues uses the “sensor” transgene,
which constitutively express a reporter gene tloattains sequences complementary to the
MiRNA of interest in its 3' UTR region (Mansfield al., 2004). In this case in the tissues or
cells in which the miRNA is expressed the actiwfythe reporter gene will be blocked. This
method has potentially excellent spatial tempoeablution, but it is not known if it can be
used for the detection of low expressed miRNAs. st frequently applied method to
visualize miRNA expression to dateirssitu hybridization and in particular a variation of it
that uses special probes Locked Nucleic A¢IdNA) modified probes able to detect short
sequences like miRNAs. This technique has alreagBnbapplied successfully to identify
MIRNA expression in mouse embryos (Kloostermam.e2@06).
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Even if several independent groups have establisbetputational algorithms designed to
predict target genes of miRNA sequences (John..e2@04; Kiriakidou et al., 2004; Krek et
al., 2005; Rajewsky, 2006; Lewis et al., 2003) ¢hisr a big lack of experimental evidence
that validate this sequences like the corresponiirget of miRNAs.

Moreover, also due to the functional mechanisrm®NA, that do not require necessary a
strong degree of sequence complementarity to tigettand that do not exclude binding of
multiple miRNA to the same mRNA, the computatiopeddiction of a target is difficult and
on average 200 genes have been predicted to batedjly a single miRNA (Krek et al.,
2005; Lewis et al., 2003).

To date several methods have been establisheato eskperimentally the miRNA regulation
of a putative target. One of the most used is ticddrase reporter construct, containing the
target 3’'UTR with the putative binding site dowmestm of the reporter coding region. These
constructs are used to transfect cells expressiagrélevant miRNA, along with vectors
carrying mutant versions of binding sites. EvidefmemiRNA activity can be demonstrated
if wild-type reporters have less activity than theispective mutants. One other approach uses
antisense 2’-O-methyl modified oligoribonucleotidés inhibit miRNA expression and
provokes some loss-of-function effect (Chen et24lQ6; Poy et al., 2004; Schratt et al., 2006).
Another approach tries to determine miRNA targeteasing the intracellular concentration
of a miRNA by transfection of homologous synthetihort interfering RNAs or recombinant
adenoviral infection and measuring differential ge@xpression by microarray (Krutzfeldt et
al., 2005; Lim et al., 2005).

Induced expression of miRNAs was the initial stegt identified miRNA function in many
model organisms or mammalian cell systems.

Transient overexpression in cell-based assayssityechieved by transfection of a double-
stranded RNA similar to Dicer cleavage product, lomg-term overexpression in cultured
cells or mouse models depends on the transfectianptasmidic vector that carry a specific
construct for the expression of a miRNA. This camndtis relatively simple and is the same
used for protein-coding mMRNA; introducing the setpee of the precursor together with a
strong constitutive promoter is sufficient to owgreess a miRNA (He et al., 2005; Hayashita
et al., 2005). It is possible to introduce thesetees into adenovirus or retrovirus (Chen et al.,
2004) system and then transfect cultured cellsject them in mouse tissugsvivo. Tissue-
specific overexpression of a miRNA vivo can be obtained also generating transgenic mice,
even if the technology requires time and higher petences.

Studies that are based only on overexpression rbasttaken with caution because
misexpression of miRNA could target genes otherwiseaffected in physiological context
and the results should be confirmed by loss-of4ioncexperiments.

The technologies to silence miRNA and generate-dbganction mutants can be divided in
genetic and nongenetic approaches.
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The first class developed with the parallel develept of DNA recombinant technology and
the recent generation of mutant mice has beenuabté in the elucidation of miRNA gene
function.

In particular three class of experiment can be gihe$o disrupt miRNA-mediated gene

regulation and infer their possible role.

1) The generation of mice with mutated alleles of Dicéads to the deficiency of all
mature miRNAs (Kanellopoulou et al., 2005; Harfeakt 2005; Harris et al., 2006); the
phenotypes analysed show the important collectivetional role of miRNAs in many
developing tissues, but can not provide informatan the exact role of individual
MiRNA. For this reason the injection of a singulaiRNA in Dicer-null mutant can
restore the expression of a specific miRNA andalisc the contribution of individual
MIiRNA. This approach has been successful in zedtrg6iraldez et al., 2005).

2) The generation of a knockout mutant for a miRNAt #émest in cluster can interfere with
the

proper folding and processing of the polycistrotr@nscript, affecting the expression of

neighboring miRNAs and provoking a visible changimghe phenotype (Ying et al., 2005).

To date there is no evidence for any miRNA knockowtny animal models.

3) The generation of mutants with mutating bindingsiin the 3'UTR of the target gene,
but also this approach is not actuated till now.

Nongenetic approaches to silence miRNA function tlse transfection or injection of

synthetic oligonucleotides that act like chemicdlibitors of miRNAs.

1) 2’-O-methyl-modified oligoribonucleotides compientary to the miRNA act irreversibly

like stoichiometric inhibitors and have been usedcell lines (Meister et al., 2004%.

elegans (Hutvagner et al., 2004) and. melanogaster (Leaman et al., 2005).

2) ‘antagomiRs’, cholesterol-conjugated singlesafied RNAs complementary to miRNAs

have been injected in mouse tissuesivo (Krutzfeldt et al., 2005). This silencing is dose-

dependent, can be observed within 24 hours an@® lasteks. Even if it is not clear till now in
which way the cells take up antagomiRs this apgrozan allow the study of individual
mMiRNA. This technology was successful in the mdos¢he functional study of miR-122.

4) Recently new antisense oligonucleotides, (ASOs)ayEst al., 2006), unconjugated
single-stranded RNAs that carry complete phospharate backbones and 2’-O-
methoxyethyl modifications, have been developethtget miRNAsin vivo and for the
moment they have been used only in liver tissuasfitning the results about miR-122
obtained with the ‘antagomiRs’.
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I-I-f MiRNAs and Cell differentiation in mammalian development(see review : Song
and Tuan, 2006)

Animal development requires the establishment bighly regulated spatiotemporal gene
expression network in order to convert the totipbteygote into an animal containing
various specialized tissues functioning in a caecemanner (Lee et al., 2006). One
important feature of this regulatory scheme is $pecific expression of factors that are
required for each developmental window. However,isitalso crucial to inhibit the
expressions of genes that are not required forcpdat developmental stages or which may
promote alternative differentiation pathways (O’'Rauet al., 2006).

At a cellular level the tissue development is patlby cell differentiation. The ability of a
precursor cell to differentiate into different céfpes actually depends on upregulation of
factors required for one lineage combined with dlegvnregulation of others specific for a
different fate.

It has long been thought that this process is eggdlprimarily at the level of transcription,
but it is also possible that posttranscriptionalchaism are required to drive cell
commitment. miIRNAs may serve as a switch to deteemhe developmental program of
precursor cells; alternatively they may functiomaintain the identity of differentiated cell
types (O’'Rourke et al., 2006).

Here | will summarize the recent data on miRNA iwed in cellular differentiation during
mammalian development.

Embryonic stem (ES) cells are totipotent cells trestides in the inner cell mass of the
blastocysts that have the capacity to generateuggec cells of endoderm, ectoderm and
mesoderm. In vitro, ES murine and human cells liceas be induced to generate germ and
somatic cells of both the three layers, reprodupiaig of the in vivo embryonic development.
ES cells present great potential in clinical anoldgical applications, even if the molecular
mechanism governing their differentiation is poastyderstood. A possible role for miRNA
came from the identification of ES cell-specificRNAs in mouse screening of two miRNA
libraries from undifferentiated and differentiatetbuse ES cells (Houbaviy et al., 2003). 6
MiRNAs (miR-290, miR-291-as, miR-292-as, miR-293IRM94, miR-295) were found
expressed in pluripotent cells and silenced or degulated after differentiation. Later
MIiRNA libraries from human ES cells were analysad &7 novel miRNA were identified
(Suh et al., 2004). 12 of them were found localizedtwo genomic cluster that are
transcribed in two polycistronic primary transcrighose level decreases when ES cells
develop into embryonic bodies, suggesting the §pagi of these mMIRNAs for
undifferentiated cells.

MiRNAs play a key role also in maintaining the €iffntiation state of pluripotent ES cells
as demonstrated by the loss of stem cells and ésthwlity of Dicer-null mice embryos
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(Murchison et al., 2005). In vitro Dicer-null ESllsedid not differentiate indicating that lack
of Dicer and endogenous miRNAs compromise the miffeation potential of ES cells.

The first indication of the involvement of miRNAs limb development in mammals came
from anin situ hybridization study on mouse embryos (Schulmaal.e2005). An ortholog
of the worm lin-41 was detected and localized in the embryo in thetepimr region of the
limb bud, while in embryo at the same stdge7, the corresponding negative regulator, is
expressed in the anterior region of the limbs. Theiprocal expression patterns implied that
they play a role in limb development.

Using microarray analyses Hornstein et al. (200&hiified a miRNA, miR-196, which is
preferentially expressed in the hindlimb. It waswh that miR-196 can direct the cleavage
of a known transcription factor that mediate anpesterior polarity in fore- and hindlimb
buds, Hoxb8, only in the hindlimb, but not in tleedlimb, regulating the limb development.

Adipocyte differentiation can be reproduced vitro using primary subcutaneous

preadypocytes

that exposed to hormonal stimuli develop in matngocytes. Esau et al. (2004) use this
systems to assess the effects of several miRNAadypocyte differentiation transfecting

preadipocytes with 2’-O-methoxy-ethyl phosphoro#temodified antisense RNA

oligonucleotides targeting specific miRNAs. Thewrd that miR-143 is involved in the

maturation of preadipocytes, like it was confirmed its upregulation in differentiated

adipocytes. ERKS5 is probable the gene target angrivtein level is elevated in cells with

decreased miR-143 expression. This was the fing tihat antisense oligonucleotides were
used successfully to determine the function of md’N

Cardiomyocyte differentiation and cardiogenesisun@gsequential activation and repression
of transcriptional factors such as serum respoas®if (SFR), MyoD, Mef2. Zhao et al.
(2005) identified, by a combination af silico and experimental approaches, miR-1-1 and
miR-1-2, whose expression was specific of in tharhand skeletal muscle of adult mice.
Overexpression of miR-1 demonstrated is essertlal in cardiogenesis and its molecular
target, Hand2. It was also analysed the regulatioris expression and it was found that
potential binding sites exist in the enhancer negibmiR-1 for the transcription factors Mef2,
SFR and MyoD. A model was proposed in which miRstctions in the SFR-myocardin-
dependent pathways in cardiac progenitor cellsiamdsponsive to MyoD/Mef2 in skeletal
muscle precursor. Recently another miRNA, miR-184as discovered to be upregulated
during terminal differentiation of myoblasts (Nalgoneva et al., 2006). Loss-of-function
assaysin vitro using antisense oligonucleotide against miR-18thpietely abolished the
myoblast differentiation of cells. Since miR-181peaxssion was not detected in resting
muscle cellsin vivo it is probable that it plays a role only in thetaddishment of the
differentiated phenotype, but not in its maintereanc
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Regulation of hematopoietic differentiation is amgdex process that involves the
commitment, proliferation, apoptosis and maturatbrhematopoietic stem/progenitor cells
and a variety of regulatory molecules including MR Several miRNA were detected
preferentially in specific hematopoietic cell liges: miR-181 in differentiated B
lymphocytes, miR-142s in B-lymphoid and myeloidR¥#23 in myeloid (Chen et al., 2004).
In particular miR-181 seems to be a positive reiguléor B-cell differentiation, as its ectopic
expression led to a doubling of cells in the B-lyroj lineage without changing of T-
lymphoid lineage both in vitro and in vivo.

Mice with defective Dicer function show abnormalteplium morphogenesis, both in the
skin and in the lung. Yi et al. (2006) saw that @wdth defective Dicer activity in their skin

progenitor cells exhibited abnormal epidermis aail follicles. In a other study Harris et al.
(2006) observed that Dicer inactivation led to dafimbranching effects in the lung. An
increased and prolonged cell death was observiedtinskin and lung epithelia in the mutant
mice, but it is not known how this

contributes to the abnormal morphogenesis and wdnelihe miRNA responsible.

Several miRNAs were found exclusively (miR-9, miB24a, miR-124b, miR-135, miR-153,
miR-183, miR-219) or highly expressed (miR-9*, niR5a, miR-125b, miR-128, miR-132,
miR-137, miR-139) in mouse and human brain tissued some are also upregulated in
embryonal carcinoma cells (Sempere et al., 2004@r€xpression and inactivation of three
of them, miR-124a, miR-9, miR-125b, in neuronalgawoitor cells dramatically change the
relative fraction of astroglial-like cells and nenal cells, confirming their critical role in
neuronal differentiation.

To explain their mechanism of function it was pregd that they promote neuronal
differentiation by suppressing the expression of-neuronal transcripts. Experiment of
overexpression and inactivation of the same miRM#&go0 trace a model in which miR-125a
and miR-125b are responsible of neuronal diffeedinin targeting the 3'UTR of lin-28 and
altering both its translational efficiency and isRNA levels. It was also demonstrated
(Krichevsky et al., 2006) that the phosphorylatstate of STAT3, a transcription factor that
when phosphorylated inhibits neuronal terminaledéhtiation and promotes glial-like cells
differentiation, is controlled by miR-9. To balanttee formation of neuronal and glial cells in
mammalian brain, expression of miRNA is tightly tofled. It was shown that the RE1
silencing transcription factor, REST, can switcle tthfferentiation lineages cells between
neuronal and glial cells and that it is correlatedthe expression of the miRNA studied.
Moreover miR-134 was found to be a negative requlaf dendritic spine development in
hippocampal neurons and the protein kinase Limk& praposed as its target (Schratt et al.,
2006).
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I-I-g MiRNAs and cancer (see review : Esquela-Kerscher and Slack, 2006)

Cancer is caused by uncontrolled proliferation arappropriate survival of damaged cells,
which results in tumour formation. Many regulatéagtors switch on or off genes that direct
cellular proliferation and differentiation. Damagtge these genes, which are referred to as
tumor-suppressor genes and oncogenes, is eleated éancer. Recent evidence indicates
that miRNAs might also function as tumor suppressa oncogenes. They have been shown
to control cell growth, differentiation and apop#sconsequently impaired miRNA
expression has been implicated in tumorigenesigu&a-Kerscher and Slack, 2006).

Components of the miRNA-machinery have been foumalved in tumorigenesis. For
example, expression of Dicer has been shown toolniegulated in lung cancer (Karube et
al., 2005), suggesting a potential indirect rol®afer in tumor formation that result from the
collective reduction of miRNAs. The Argonaute piogehave also been associated with
various cancer. Three

human Argonaute genes are frequently deleted imgviumors of the kidney and have been
also associated with neuroectodermal tumors. Itigodar it is supposed that Argonaute 1
(AGO1) is involved in developing lung, kidney anenal tumors. An additional human
argonaute gene, HIWI, maps to a genomic regioncestsal with testicular germ-cell cancer
and might normally control the proliferation an@intenance of germ cells.

The biological role of only a small fraction of iidied miRNAs have been elucidated to date.
These miRNAs regulate cancer-related processes saghcell-growth and tissue
differentiation and therefore might themselves fiorcas oncogenes.

Interestingly the mammalian homologuesliof4 andlet-7 have been shown to control cell
proliferation in human cell lines (Lee et al., 200%mkamizawa et al., 2004) and are also
associated with various cancer (Johnson et al.5;2Galin et al., 2004; lorio et al., 2005;
Sonoki et al., 2005). Ib. Melanogaster, bantam induces tissue growth by both stimulating
cell proliferation and inhibiting apoptosis (Brewke et al., 2003; Hipfner et al., 200®),R-

14 suppress strongly apoptosis (Xu et al., 2003), tarde are features of oncogenes. Other
characterized miRNAs have essential functions dudevelopment and differentiation of
cells into various tissues.

A recent study showed that about 50% of annotatedam miRNAs are located in areas of
the genome, known as fragile sites, that are assatwith cancer. For example miR-125b-1
is located in a region that is deleted in a sulo$gtatients with breast, lung, ovarian and
cervical cancers (Calin et al., 2004) and recanthas also been associated with leukaemia.
The first indication that miRNAs could function @snor suppressors came from a report that
showed that patients diagnosed with the B-cell micreymphocytic leukaemia, (CLL), often
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have deletions or downregulation of two clustere@®NA genes, miR-15a and miR-16-1
(Calin et al., 2002). Deletions within this locuscar also in 50% of mantle cell lymphomas
cases, 16-40% of multiple myelomas and 60% of ptestancers cases. It was predicted that
a tumor-suppressor gene reside in this region.rlGimmino et al. (2005) showed that miR-
15 and miR-16-1 negatively regulate BCL2, an aptgdotic gene that is often overexpressed
in many types of human cancers, including leukasrarad lymphomas, supporting a tumor-
suppressor role for these two miRNAs.

Additional studies have shown a strong correlabietween abrogated expression of miRNAs
and oncogenesis. For example, miR-143 and miR-idSignificantly reduced in colorectal
tumours (Michael et al., 2003).

The let-7 miIRNAs family were the first group of NRs shown to regulate the expression of
an oncogene, the Ras gene. Ras protein are mendsaoeiated GTPase signalling proteins
that regulate cellular growth and differentiatiokbout 15-30% of human tumors possess
mutations in Ras genes. The 12 human homologoudNAsRof let-7 family map to fragile
sites associated with

lung, breast, urothelial and cervical cancers {Catial., 2004). In particular the transcripts of
certain let-7 were downregulated in human lung ear{@akamizawa et al., 2004). Later
studies inC. Elegans found that the 3'UTR of Ras genes contains mdtigdmplementary
sites for the let-7 family and that let-7 and R&pression is inversely correlated in tumours
(Grosshans et al., 2005; Johnson et al., 2005).

The MYC oncogene, which encodes a basic helix-loglp¢ transcription factor, is often
mutated or amplified in human cancers and has ls&éemn to function as an important
regulator of cell growth owing to its ability todace both cell proliferation and apoptosis
(Pelengaris et al.,, 2002). It seems that there raelation between miRNAs and the
increased expression of MYC in the development-gcEB malignancies. MiR-142 and miR-
155 are associated to MYC overexpression in theldpment of B-cell cancers, in Burkitt
and Hodgkin lymphoma. MiR-155 is also involved iredst carcinomas, indicating other
roles for this miRNA outside of the hematopoietistem. Recently He et al. (2005) and
O’Donnell et al. (2005) describe a more direct tieteship between miRNAs, MYC and
cancer identifying a transcript that was prefeadhtiupregulated in cancers and that encode
the miR-17-92 clusters. By overexpression expertntamnas shown that miRNAs within the
miR-17-19b-1 cluster function cooperatively as ayewes, possibly by targeting apoptotic
factors activated in response to MYC overexpressamd thus indirectly provoking
uncontrollable cell proliferation. Surprisingly twniRNA gene in this cluster were shown to
block indirectly the cell proliferation acting ohe transcription factor E2F1. The double
nature of the miR-17-92 cluster, the tumor-suppngsand the oncogenic one, emphasizes
the complexity of cancer progression as well asititiecacies of miRNA-mediated gene
regulation. These results might also reflect thet fhat a single miRNA can control many
unrelated gene targets, resulting in the controlopposing activities such as cellular
proliferation and differentiation. A recent rep@Relli et al., 2005) describes the ability of
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miR-221 and miR-222 to downregulate the KIT oncagand future studies will reveal that
mMiRNA function as key regulators of many canceated genes like BCL2, Ras, E2F1, MYC
and KIT. Therefore miRNAs might be powerful drugget that could be used in a broad
range of cancer therapies.

As Northern blot and microarrays analyses haveadirebeen used to determine tissue
specific ‘signatures’ of miIRNA genes in humans (Raselli et al., 2000; Lagos-Quintana et
al., 2003; Lim et al., 2003; Liu ret al., 2004; Bleh et al., 2004; Thomson et al., 2004;
Krichevsky et al., 2003; Miska et al., 2004; Senepetral., 2004; SmiRnova et al., 2005; Sun
et al., 2004; Monticelli et al., 2005; Babak et @004), researchers are now using miRNA-
expression signatures to classify cancers and fioedeniRNA markers that might predict
favourable prognosis (Takamizawa et al., 2004pletial., 2005; Calin et al., 2002; Lu et al.,
2005; Ciafre et al., 2005; Chan et al., 2005; Hal e2005; O’'Donnel et al., 2005; Calin et al.,
2005).

A recent report from Lu et al. (2005) found thag¢ #xpression profile of a relatively few
mMiRNAs (200) can be sufficient to accurately clsBuman cancers.

Following comparison of the expression level of MAS in normal and tumorous tissues it
was shown that in general miRNA are downregulatetiinorous tissues, supporting a model
in which miRNAs drive cells in more differentiatstate and can be marker of the degree of
cell differentiation. These studies define miRNA rmndike oncomiRs and imply that
abnormalities in miIRNA expression might directlysuét in de-differentiation of cells,
allowing tumour formation (Esquela-Kerscher andcck|2006).

The emergence of miRNAs as important cancer-prevergenes is likely to have a large
effect on gene therapies designed to block tumoagrpssion. Large-scale expression screen
to compare miRNA levels in tumours versus nornsdues will be useful in identifying novel
mMiRNAs involved in cancer. In the future the adrsiration of synthetic anti-sense
oligonucleotides that encodes sequences complemgettaoncogenic miRNAs, the anti-
miRNA-oligonucleotides (AMOs), could inactivate MNIRs in tumours or slow their growth.
The antagomiRs, that are AMOs conjugated with ddietel, have already used to inhibit
mMIiRNA activity in various organs after injectiortanmice (Krutzfeldt et al., 2005), and might
be a promising therapeutic agents. At contranhrigpies to overexpressed tumor-suppressor
could be used to treat specific tumours. More tgreent of these methods is needed before
mMiRNAs treatment can move from the laboratory betmlthe bedside. Even if we do not
know if miRNAs will become a ‘magic bullet’ in th&uture, research in this area will
undoubtedly provide insight into the underlying im&aism of oncogenesis.
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I-1l The mammary gland

I-1l-a The mammary gland: structure and cellular composition

Mammalian evolution has been accompanied by thendbon of a unique organ: the
mammary gland. In fact, on a phylogenetic scalés trgan is a recent acquisition: it
appeared 200 million years ago with the appearahceammals to provide nourishment to
the newborn in the form of milk (Hennighausen arabiRson, 1998). Unlike other branched
organs, the most part of its development takesepbmst-natal rather than in embryonic life
to accomplish the unique capacity of producing aedreting milk during the lactation
(Sternlicht et al., 2006).

The number and location of mammary glands varyngisobetween different species, but the
structure and cellular composition is very similBis organ is constituted from two tissue
compartments: the epithelial one, that will givegor to ducts and to milk-producing alveolar
cells, and the connective one (stroma or mammanyaid) composed of adipocytes, fibroblast,
cells of the haematopoietic systems, blood vessald also neurons (see review:
Hennighausen and Robinson, 2005) (figure 3).

Figure 3. Carmine-stained whole mounts of a section of maryinggand : in violet the
epithelial tissue and its ducts, in white the staom

In general the epithelial tissue, at the partunitis differentiated in cells constituting ducts,
elongated canals transporting milk, and luminatetecy and myoepithelial cells that together
constitute the central lumen and the outer layerthef alveoli, the functional secretory
structural unit of mammary gland. Many grouped alveonstitute a lobule and many
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lobules are grouped in many bigger lobuloalveoldtsu This branched structure is similar to
the lung structure.

Each alveoli has a spherical structure inside whicmonolayer of epithelial cells secrete milk
in the central lumen. The milk is transported ith@ ducts by the contractile actions of
myoepithelial cells, and is delivered to the bodyface through the nipple. The extensive
system of ducts and alveoli is embedded in thev&ydhat supports the epithelial tissue and
provides nourishment to epithelial cells (see mvidennighausen and Robinson, 2005).

In the mouse there are five pairs of mammary glandted just below the skin, which extend
from the thoracic (three pairs) to the inguinaldtpairs) regions of the animal along what is
termed the milk or mammary line (Richert et al.0@D Apart a nipple and a ductal-alveolar
system, each gland has a limph node that is ofted was a landmark when examining
histological sections or whole mounts (Russo IH Bu$so J, 1996). There is a gradient of
differentiation among the glands, with the firsbitcic gland being the least differentiated
and the fifth inguinal gland the most (Bolander9Qp

I-1I-c The development of mammary gland

The mammary gland is a dynamic organ the struafivehich changes throughout the female
reproductive cycle. The development of the glanducx in distinct stages, defined
fundamentally by hormones, that are connecteddcséxual development and reproduction:
embryonic, prepubertal and pubertal stages, preynaactation and involution (see review:
Hennighausen and Robinson, 1998).

In the main lines at birth the anlage consists ¢&&va rudimentary ducts in the vicinity of
nipple, pronounced ductal outgrowth and branchimgroences at puberty, in pregnancy and
expanded lobulo-alveolar compartment develops. framal differentiation of the secretory
epithelium coincides with parturition and large amts of milk are produced and secreting
during lactation.

After weaning of the young the entire alveolar lepiium compartment is remodelled to
resemble a virgin-like state. With each pregnancynew round of lobulo-alveolar
development occurs.

The epithelium and the surrounding stroma are ddrifrom ectoderm and mesoderm,
respectively (Parmar and Cunha, 2004).

In mice the mammary gland first appears embryolyiad an epithelium bud that penetrates
the underlying mesenchyme. The first morphologgighs of mammary rudiments are lens-
like placodes that form around embryonic day 11 pratrude slightly from the body wall
(Robinson, 2004). This rudiment becomes bulb-shapleely elongates and invades the
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mesenchym to form a simple ductal tree with sevbrahching ducts. This first phase of
development is indipendent of hormonal signalstiBitet al., 2000).

In mice at birth the mammary gland consists ofapihelial cords and the stroma. While the
first one is rudimentary (Topper and Freeman, 188@so IH and Russo J, 1996) the stroma
is thick and dense around epithelial structuresamgists of eosinophilic fibrous connective
tissue and fibroblast and in the early stage ottigament is filled with large adipocytes. Also
present are lymphatics and blood vessels, thengisincrease in number during pregnancy
and lactation (Matsumoto et al., 1992).

The period of most rapid growth occurs during ptyoom approximately 3-6 weeks of age
in the mouse. The ducts lengthen and branch to feegondary and tertiary ducts that
ultimately extend to fill the mammary fat pad byagpximately 3 months of age. The terminal
end buds (TEBs) appear at 3 weeks at the tipsafigg ducts and are the sites of highest
epithelial proliferation in the gland (Richert ét, 2000). From this bulbous structure cells are
capable to migrate, to proliferate and differemtiat luminal and ductal epithelial cells
(Daniel and Silberstein, 1987). This migration gdliferation result both in elongation of
ducts and invasion of the fat pad; the differerdratin the TEBs is also responsible of
branching (Gordon and Bernfield, 1980; Silberstamd Daniel, 1982) and formation of
lateral and alveolar buds, that eventually subaivm form rudimentary alveolar structure in
the post-pubertal glands, after 10-12 weeks of egegsponse to cyclic secretion of ovarian
hormones at each estrous cycle (Andres and Straege).

The peak of mammary differentiation occurs durimg t19-21 days of pregnancy and
culminates with formation of alveoli and a fulfctating gland at parturition (Nandi, 1958).
In the beginning of pregnancy, a massive proliferabf ductal branches and the formation of
alveolar buds, like in the postpubertal stage, @dad observed. The epithelial to adipocyte
ratio increase.

During the second half of pregnancy the alveolatsbprogressively cleave and differentiate
into individual alveoli that in the late pregnarfdiythe majority of the fat pad. By the day 18
of pregnancy the alveolar epithelial cells are pddg milk proteins and lipid, in preparation
for lactation. The amount of stroma is greatly dased, allowing more contact of the
epithelium with adipocytes (Neville et al., 1998iak et al., 1973).

As lactation begins the milk in the lumen of alveelforced into the ducts (Asch HL and
Asch BB, 1985; Richardson, 1949; Dulbecco et a®86), the fat in the adipocytes is
metabolized and the alveoli expand to completdlytiie gland (Neville, 1999). In normal
condition the process of lactation continues fopragimately 3 weeks, until the pups are
weaned. At this moment the gland goes through ags® of death and remodelling, the
involution. This process is initiated by milk stgince milk removal has ceased (Quarrie et
al., 1996).
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Forced weaning is often chosen as a model for utian because it is more controlled than
natural weaning and allows for more precise tinohgtructural changes.

In the first day of involution big morphological aihges is not observed, except for the
flattening of the epithelium due to engorgementha alveoli with milk. After 2 days the
gland begins the irreversible sequence of cellldaatl remodelling: the secretory epithelial
cells of the alveoli go in apoptosis and can bearelé by neighbouring epithelial cells or
invading macrophages (Burwen and Pitelka, 1980h#&as and Benson, 1971; Fadok, 1999).
At the day 4 the alveoli collapse into clusterepithelial cells, while the adipocytes appear to
be refilling. The epithelium progressively disorgan and decrease while adipocytes and
stroma increase (Richert et al., 2000). At the @lay involution all the alveoli have collapsed
and both epithelium and stroma are rearrangedrn(@rat al., 1992) as the majority of cell
death has already occurred; the involution of dlveontinue till the day 21 of involution,
when the gland resemble the prepregnant maturel.glan

With each pregnancy a new round of lobulo-alvediewelopment occurs, together with the
cycle of proliferation-secretion and involutiontbe epithelial tissue.

I-1I-d Endocrine control on mammary development

While in embryo the initial stages of mammary depehent are independent of systemic
endocrine signals and rather depends on recipeigadlling between the epithelium and the
mesenchym, the most part of development, that ecafter birth during pregnancy, is under
control of steroid and peptide hormones.

Both the role of systemic hormones and the infleeoicthe stroma on mammary epithelium
have been recognized for some time (Mackie etl8i87), actually the study of endocrine
control of mammopoiesis and lactogenesis began thare100 years ago.

The first demonstration that ovarian steroids artditary hormones can determine breast
development and lactation came from an experimémvariectomy and transplantation of
ovaries in mouse in 1900 (Halban and Knauer, 190K¢. responsible bioactive compounds
extracted were the progesterone and estrogen (AI&2Y).

Later it became clear that other factors than ewarhormones were required for
mammopoiesis and in 1928, Stricker and Grueter dedumilk secretion artificially in
castrated virgin rabbits by injection of pituitaextract (Stricker and Grueter, 1928). Five
years later Riddle and collegues purified the mtotafrom this extract (Riddle et al., 1933).
From the 1906 it was known that also the placeata secrete mammotrophic substances
(Lane-Claypton and Starling, 1906), like placerttogens, estrogens, progesterone and
gonadotrophins. It was shown for the first time 1880, by the introduction oin vitro
mammary organ cultures, that it is a synergy otilins hydrocortisone and prolactin that
controls the differentiation of secretory mammapitielium (Topper and Freeman, 1980). In
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the same year steroid and peptide hormone receptnes cloned and in 1990 downstream
signalling components were identified, providingbasis for the understanding of signal
transduction pathways.

Ductal elongation in the first days after birth gonates from a few small TEBs and is
probably the result of residual effects of materaadl fetal hormones (Hennighausen and
Robinson, 1998). The acceleration of ductal growdtring puberty and the strong lobulo-
alveolar proliferation during pregnancy are conéwlmainly by ovarian steroid hormones
(Daniel and Silberstein, 1987), respectively by testrogen and progesterone, that act
regulating cell proliferation and cellular turnover

Progesterone is secreted in the beginning of pregnftom the yellow body and its level is
low in the beginning, increases during this phase decreases brutally near the parturition,
when the placenta and the yellow body involute ¢Waz and Houdebine, 1994, chap.1).

The level of estradiol is high during puberty, iregnancy the concentrations of estrogens
secreted from the placenta is lower, but sufficientcooperate with the progesterone in
inducing the growth of lobulo-alveolar systems title parturition, when estrogen level
decreases rapidly (Martinez and Houdebine, 19%ip.df.

Both estrogen and progesterone have pleiotropiorectin the uterus, ovaries and the
hypothalamic-pituitary axis in regulation of sexudé¢velopment. Since the need for a
functioning mammary gland is dependent on a sutigs®gnancy, the evolutionary process
use the same set of hormones for both developmprdeéss (Hennighausen and Robinson,
2001).

The primary mechanism of steroid hormone actiaiigugh their specific nuclear receptors,
which function as transcription factors when boundtheir ligands (Hennighausen and
Robinson, 2005).In post-natal mammary tissue nbt most epithelial cell express receptors
for estrogen (ER) and progesterone (PR), but als of stroma.

Both ER and PR have two isoform, &Rndf3, PR-A and -B, that have different functions
during the development of mammary gland.

Studies from knockout mice for ERdemonstrated that both stromal and epitheliad ElRe
required for normal ductal elongation and outgrowltiring puberty (Bocchinfuso et al.,
2000), even if ER is not necessary for pregnancy alveolar expandwreller et al., 2002).
Recombinant tissue experiment showed that estratiots epithelial mitogenesis indirectly
through ER stromal cells (Cunha et al., 1997).

Knockout mice showed that is the PR-B form resgaasiof proliferative effects on
mammary epithelium, in particular to expansion loé ®lveolar compartment, and only in
minor part to ductal elongation and branching (Mtlaricevic et al., 2003).

In early pregnancy PR cells are found in closelyxpnity to proliferating cells, suggesting a
paracrine effects for progesterone. Progesteroemsdo induce the production of a signal
that guides the proliferation of neighbouring celBne possible candidate is the receptor
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activator of nuclear factor kB (NF-kB)-ligand or RIK-L (Mulac-Jericevic et al., 2003),
belonging to the tumor necrosis factor (TNF) family

It is now clear that estrogen induce the recegiopfogesterone in epithelial cells, increasing
the sensibility of cells to this hormone.

Prolactin (PRL) signalling is essential for the Igevation and functional differentiation of
lobulo-alveolar structures during pregnancy (Toppet Freeman, 1980).

PRL is produced mainly by the lactotrophs in théeaar pituitary gland, even if also local
production of PRL by mammary epithelium has be@ored (Vonderhaar, 1999).

Its level is relatively low during the most parttbie pregnancy, but in the last part increases
and reaches high level at the parturition (Martiaed Houdebine, 1994, chap.1).

It has two roles in reproduction : the maintenanfecorpus luteum, through which the
secretion of estrogen and progesterone is ensumad, the induction of mammary
development. After birth PRL is essential for maining lactation.

By the use of knockout mice the four independemmonents of prolactin pathway have
been identified : the ligand itself (Horseman et 4097), the receptor (PRLR) (Ormandy et
al., 1997), a transmembrane protein of the clasgdkine receptor family, the transcription
factors Statb5a (Liu et al., 1997) and Stat5b (Udgl.e 1997).

Binding of PRL to its receptor leads to receptonelization and the activation of the Janus
kinase 2 (JAK2), Fyn, a specific tyrosine kinasesoagsted to the PRLR. JAK2
phosphorylates the two Stat5 isoforms that dimeamd migrate in the nucleus to induce
transcription of target genes, such as genes écalseines and genes containgigterferon
activation sites (GAS). As well as Stat5, PRLR agnal through the mitogen-activated
protein kinase (MAPK) pathways and others thatdmgendent of JAK2 (Hennighausen and
Robinson, 2005).

Current evidence indicates that PRL present a gesggnal that activates transcriptional
programmes that are shared between several cytodaeptors, and even if these pathways
have some cell-specific components they mediatergénesponses like proliferation and cell
survival. Moreover not only PRL activate STAT5,desy to a developmental program that
ends with the production of milk-secreting cellsit lalso other placental lactogens and
members of the EGF family, whose effecte is mediate EGF receptor such as ERBB1 and
ERBB4, both necessary for mammalian developmenhguyregnancy. In particular ERBB4
was shown to have a more prominent role in thetfanal luminal cell during lactation than
PRL has (Long et al., 2003).

The signalling pathway activated by hormones igequnderstood, but the mechanism by
which it is negatively modulated is not well knowRecently evidences suggest that member
of the SOCS family are involved in the inhibitiohPRL signalling (Linderman et al., 2001;
tonko-Geymayer et al., 2002).
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Mammary development is not only controlled by systs hormones, like estrogen,
progesterone and PRL, but also by peptide thaprarduced either in the stromal or epithelial
compartment, such as the osteoclast differentiafamior RANKL (Fata et al., 2000),
inhibinBB (Robinson et al., 1997) and member of the B&kmily (Nguyen and Pollard et al.,
2000).

Several evidence from knockout mice suggest thaNRIA compared to PRL, induces
identical or related developmental programs dugrggnancy (Humphreys et al., 1999; Fata
et al., 2000).

The growth factors, like transforming growth factorand 3, TGFa and TGB, mammary
derived growth factor 1, MDGF1, and epidermal gilov@ctor, EGF, are present in the
mammary epithelium, secreted by the epithelialscdlhe MDGF1, TG& and the TGP are
autocrine and mitogenic factors secreted by epdhealells in order to stimulate the
production of the collagen IV, an essential componef the basal membrane, where
epithelial cells lie and proliferate in a polarizecay during the alveolar development
(Martinez and Houdebine, 1994, chap.l). Estrogertrabindirectly the synthesis of collagen
IV and the activity of the growth factors throughdlie degradation of the basal membrane
which supports epithelial cells.

At the moment of parturition strong changing in deacentrations of hormones occurs :

The progesterone, that negatively controls the B&lretion and the local synthesis of caseins
and other milk components, disappears, while PRichres high concentration; the level of
estrogen increase progressively and stimulate #weeson of PRL; glucocorticoids are
produced to amplify the PRL action; other hormoneisspecific of the lactation are involved,
like the growth factor, (GH), and thyroid hormor{dtartinez and Houdebine, 1994, chap.1).

I-1I-e Role of extracellular matrix on mammary deveopment

The multihormonal control on the mammary epithelidevelopment and on the secretion of
milk proteins was observed and studied relativalyyedue to the fact that the glands could be
analysed easily in vivo (Dembinski and Shiu, 19BiGudebine et al., 1985; Neville and
Neifert, 1983; Topper and Freeman, 1980). Howetverust be recognized that a substantial
proportion of epithelial hormonal responses refldtie modulation imparted by a complex
extracellular compartment, that can exert its mfice on mammary epithelium through
several mechanisms : the mediation of hormonalassgnia stromal hormone receptors; the
local elaboration of soluble agonist/antagonistdes; the provision of a supporting vascular
network; the contribution to a bed of basement mamd proteins on which epithelial cells
are positioned (Russell and Vonderhaar, 2002). Mare the importance of cell to cell
interactions and cell to extracellular compartmiéractions is gaining importance since
functional cell cultures in vitro were developeddiinez and Houdebine, 1994, chap.4).
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At every stage of mammary development the dudhemtveoli lie on a basal membrane. It is
possible that the interactions stroma-epitheliumiwo are mediated through the structure and
composition of this extracellular matrix (MEC), tha the surface and the region of contact
between the two tissues. The study of the bioch&ntiemposition and the structure of the
MEC (Hassell et al., 1985; Kleinman et al., 1986tlél and Gay, 1987) show that this basal
membrane is not a passive layer, but in the contiwran active membrane that receive
structural and functional message to direct theabier of stromal and epithelial cells (Bissel
and Aggeler, 1981; Bissel and Hall, 1987; Bissdl ale 1982; Hay, 1981; IngBer and
Jamieson, 1985; Wicha, 1984) .

This basement membrane underlying epithelial dellsivo consists of 3 separate layers
(Sakakura, 1991) : in contact with epithelium thereéhe lamina lucida, a thin space under
which is located the lamina densa. Together theatitoite the basal lamina. Adjacent to the
basal lamina is the stroma-associated layer oélgithickness, the reticula lamina.

Based on in vitro study and immunolocalization expents it was long assumed that
components of the basal lamina, such as laminipatie sulphate proteoglycans and type IV
collagen, were all derived from epithelial cellddahat components of reticula lamina, such
as collagen types | and lll, fibronectin and temaswere derived from the stroma (Russell
and Vonderhaar, 2002). Recent studies have assdegehe stroma is the primary source of
extracellular matrix proteins and that also collagelV and laminin derived from stroma
(Keely et al., 1995). These finding define even ttvme of production of these
macromolecule: collagen | is expressed in earlyepiypand early pregnancy, collagen IV
during pregnancy and laminin during lactation. Mwer the expression of fibronectin from
the stroma seems to be regulated by ovarian staasones in association with epithelial-
stromal interactions (Woodward et al., 2001). Inat clear if this dynamic construction of
basal membrane during the mammary gland developmetiie result or the cause of the
epithelial morphogenesis.

It is clear that various components of this basamrane regulates the formation and
function of epithelial cells and their responseetdernal signals, such as ovarian steroid
hormones or growth factors (Woodward et al., 20@J)en if we do not know the exact
contribution of these extracellular proteins ateHdutar level a general model establishes that
the extracellular matrix exert its influence intgrag with transmembrane proteins, able to
communicate with the cytoscheleter and the nucleuspithelial cells (Martinez and
Houdebine, 1994, chap.4).
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I-1I-f The miRNAs in the mammary gland

An implication of miIRNA in mammary gland biology $siggested from the data of some few
recent reports, most of them focusing more on patfical situations, such as the appearance
of breast cancer, than on the normal mammary dpredat.

Liu et al. (2004) analyzed the gene expressionilprof 18 adult and 2 fetal normal human
tissues using a microchip containing the oligoaatities for 248 miRNA (161 derived from
human, 84 from mouse, 3 from Arabidopsis). Theywsdw that each tissue has a specific
pattern of miRNome expression (defined like thalityt of miRNA present in a cell) that can
be quantified. The mammary gland was one of tlei¢éisanalyzed and it was revealed that its
specific signatures is characterized by the exmrgzofile of only 23 miRNAs, the lowest
number of MIRNA detected in any tissue.

Other indirect evidences of miRNA involvement iretbhiology of mammary gland come
from studies about breast tumors.

It was analyzed the genomic localization of 186 auommiRNA (Calin et al., 2004), 52,5 % of
them are present in cancer-associated genomicn®gioin fragile sites and between them 15
mMiRNA are located in regions involved in human Btezancers. It was quantified (Jiang et al.,
2005) by real-time PCR the expression of 222 prieM# in 32 human cancerous cell lines, 5
derived from breast cancer, and it was observetdlehdf-1 expression was 7-fold higher in
epithelial-derived breast, lung and colorectal esncells comparing to the mean of the
remaining cell lines. Moreover another study usedroarray technology to measure the
differential expression of miRNA in normal and nkgpic human breast tissue and 29
miRNAs were found to be differentially regulatedy @f which could be used with 100%
accuracy to predict the tumor (lorio et al., 2008) particular miR-125b have a decreased
expression level in samples derived from breasteaprimary tumors comparing to normal
breast tissue (Lee et al., 2005).

To date any reports deals about the expressionRRNAs in normal mammary gland during
the stages of its development.
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[I-Objective

To establish the genetic and functional networkaahore comprehensive developmental
model of the mammary gland the genomics approashesld identify new putative control
genes and gene manipulation, in combination wibug transplants, should evaluate their
physiological role. It should be important to eakialso the time windows during which a
particular gene product is needed.

Taking in mind that many genetics pathways thatrobthe development of mammary tissue
are used in organ systems that appeared earlievatution and considering the big
evolutionary conservation of miRNAs throughout gvkimngdoms and their involvement in
various mechanism of organogenesis, it was chasaudress the attention to miRNAs, in
order to discover putative regulatory moleculeh&f tnammary gland development.

The study of miRNA in the mammary gland began asiatythe expression of a first group of
conserved miRNAs, during different stages of manyndevelopment in mouse; then the
expression profile during all the gland developmbat been studied in search for their
potential regulatory role in determining the pagsiigm one phase to one other. Later it was
examined the cellular origin of their production.

The second objective of this work was the iderdifien of mammary gland specific miRNA,
the idea was supported from the finding of organd aissue- specific miRNA (Lagos-
Quintana et al., 2002; Liu et al., 2004; Sempera.eR004; Pay et al., 2004; Frederikde et al.,
2006; Ryan et al., 2006; Chen et al., 2006, Rarokigt al., 2006; Coutinho et al., 2006; Xu
et al., 2006; Gu et al., 2006) and also from theemé discovery of new specific primate
miRNAs (Devor, 2006). After having constructed aNg®library of small RNA extracted at
different stages of mouse mammary gland, the egmesof ‘candidate miRNAs was
characterized and a composite analyses, in party tsoinformatics and experimentally tools,
has been realized in order to validate them likRNAs.
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[1I-Materials and methods

[lI-1 Animals sampled

Wild-type mice on FVBN genetic background have based. All animals were housed and
handled according to the approved protocol estaddidy the Institutional Animal Care and
Use Committee and NIH guidelines.

For the mammary gland expression analyses of tfN@ithe fifth pair of mammary gland
of 2 mice was taken out after taking away the lympHe. The tissue was frozen using liquid
nitrogen and conserved at —80° C or immediately iceRNA extraction.

The stages analyzed were: Virgin 4 and 8 weeksta@Gas 2, 4-6-9-12-18-days, Lactation 1,
3 days, Involution 1-3-6 days. The involution wasvyoked taking away the offspring after
three days of lactation.

For the organ-expression analyses of the miRNAsc2 mere sacrificed and the brain, heart,
liver, lung, muscle, kidney, ovaries, spleen anghté were taken out, frozen and conserved
like for the mammary gland.

In the ‘clear fat pad experiment’ the mice, afteramesthesia, were operated at one of the two
mammary glands of the fifth pair : in the stageafly virgin, when the mice weight less than
18 grams, the rudimentary tree of the epithelgdue is taken away. 2 mice were sacrificed
for each of the stages considered in this expetimergin 18 weeks, gestation 12 and 18
days, lactation 1 day.

The growing epithelial tissue taken away from thesee was spread on glass slides, fixed,
colored and observed at the microscope to vesfglitape and the occurrence of the complete
removal of it.

The epithelial tissue on the glass slide is fixed 2 to 4 hours at room temperature in
Carnoy’s fixative composed of 6 parts of 100% ethaB parts of chloroform, 1 part of
glacial acetic acid. Later it is washed sequemntiafi solution containing decreasing
concentration of ethanol: 15 minutes in a solutdb0% of ethanol, 15 minutes in another at
30%, 5 minutes in water. Later it is stained inr@iar Aluminium Staining overnight and the
following day it is washed 15 minutes in 3 solugomith increasing concentration of ethanol:
70, 95 and 100%. After that it is mounted on giskes with Permount (Sigma).

[1I-II RNA extraction and Northern Blot analyses

The total RNA has been isolated with the reagenARIOW™ (Biogentex).

The reagent includes a cocktail of chaotropic agestich as guanidinium salt derivative
compound, which works synergistically to effectivehlter the secondary and tertiary
structures of proteins and polysaccharides and ipertime extraction of RNA from other
organic components.
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A piece of tissue of approximately 0,5 cm of diagnevas disrupted in 2 ml of reagent by a
mechanical homogenizer. The RNA extraction occuitsr dhe addition of 0,5 volume of
chloroform during a centrifugation of 10 minutes 3000 rpm at 4° C. The RNA is
recovered in the aqueous phase. The precipitaioRNA occurs adding one volume of
isopropanol and leaving the RNA at -20° C overnight

The day later the RNA is precipitated and washeel ttme with 70% ethanol, the pellet is
dried and resuspended at 65° C for 5 minutes ipl 89 distilled water.

The quality of extraction of RNA has been evaludigdesting samples by electrophoresis on
1% agarose gel with Ethidium Bromide. The conceimnahas been measured using a
spectrometer and a range of 0,pd&/ul was obtained. The less concentrated samples have
been precipitated overnight at -20° C in a solutbrethanol and NaCl 0,3 M before Northern
Blot analyses.

20 pg of total RNA of each sample has been fractionatethg a 15 % denaturing
poyacrylamid gel. 7%l of ammonium persulfate (10% wight/volume) and [l2of temed
(from a solution of 99% of concentration, Sigmag added after melting 12 ml of gel, to
favor the polymerization. The RNA contained witlire gel has been transferred overnight to
nitrocellulose membrane (Hybond-N+, Amersham Boogrsces) by capillarity. The RNA
has been fixed to the membrane under UV radiato iminutes.

15 pmol of 20-22 nucleotides probes have beenéabglth y- *P dATP (Perkin Elmer) in a
final volume reaction of 5Qul using 20 units of T4 polynucleotide kinase (Rech
Diagnostices) and fil of 10X reaction buffer for 30 minutes at 37° Gefybridizations and
hybridizations have been carried on at 55° C fdir dva hour and overnight, respectively, in a
phosphate buffer solution (0,5 M pH 7,2) added widtdium dodecyl phosphate (SDS) (7%).
The membranes have been washed 5 minutes two &8h&s° C in a pre-warmed aqueous
solution of SSC 2X (SSC 1X : sodium chloride 150 ndddium citrate 15 mM, pH 7).

The revelation has been effected at the red lightelbping an auto-radiographic film
(Hyperfilm, Amersham) in contact with the membrame closed cassette or using Phosphor
Screen and the StormScan software, that producesage on the computer starting from the
data of the Phosphoimager, a scanner able to tdoemadioactivity of the Phosphor Screen.
The hybridized membranes have been deshybridizedoiiact with a boiling aqueous
solution of SSC 0,1% and SDS 0,1% and reused #bs3bsequent hybridizations.

II-11l Construction of miRNA libraries

There are different protocol and variations of thnbuilt miRNA libraries. In this case it
was followed the way 2a and 3a.
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[lI-1lI-a Clonage of low-molecular weight RNAs

Low-molecular weight RNA, <200 nucleotides, has rbgeepared from 100-200 mg of
mammary gland tissue using tiERVana™ miRNA Isolation kit (Ambion). The quality and
concentration of extractions has been evaluatdd% denaturing polyacrylamid gel and 40-
50 pg of low-molecular weight RNA has been used toas®l19-25 nucleotides RNA
following the instructions of the Lagos-Quintan@3&loning protocol.

The RNA has been separated in 15% denaturing pgtgaeid gel and RNA of 19- to 25-nt
size has been recovered with a scalpel from thébgehe aid of an RNA size markgtP
ATP previously labeled using the kit Decade (Ambiorhe gel containing small RNA has
been eluted overnight in 6Qd of an aqueous solution of NaCl 0,3 M at 4° C, REA
precipitated with 3 volumes of ethanol 100% andcggen at the final concentration of 40
png/ml at -20° C for 1 hour. The pellet was redissedivin distilled water. Following a
dephosphorilation at the 3’ extremities of the REBA minutes at 50° C in a buffer solution
of final volume of 3Qul with 10 units of alkaline phosphates, Roche)st®’ phosphorylated
3'adapter (table 1), previously labeled radioadjiweith y*°P ATP, has been ligated to the
RNA (after an heat-shock of 30 seconds at 90° @awit the ligase, the reaction is carried on
for 1 hour at 37° C in a finale volume of @Dwith 2 pl of 10X reaction buffer, 25 units of T4
RNA ligase, Amersham-Pharmacia, 100 pmol of 3’ letbeadapter, 1 nmol of 3’ adapter,
15% of DMSO). The reaction has been stopped adiing of stop solution.

After a second separation of the oligonucleotideARXadapter by electrophoresis the band
of 37-42 nucleotides is recovered, eluted, prezipd like before. A 5’ phosphorylation of the
RNA-3' adapter oligonucleotides has been carried 80 minutes at 37° C in a final volume
reaction of 20l with 2 pl of 10X reaction buffer, 2 mM ATP and 5 units o# T
polynucleotide kinase, NEB; the reaction has bdepped adding 4l of a 0,5M NacCl
solution). After a purification using the Wizard rpication kit (Promega), and the
precipitation of the RNA oligonucleotides, the liga of the 5’adapter (table 1) to the RNA-
3’ adapter was effected in the same conditions sgdor the 3’ adapter using 1 nmol of a 5’
adapter not radioactively labeled.

The RNA oligonucleotides have been separated bstrefghoresis and the band of 55-60
nucleotides was recovered from the gel, elutedipitated and resuspended in distilled water
like before.

Table 1. Names and composition of the two adapters usetfiarcloning protocol (UUU=
RNA, bold characters= DNA)

Name Composition

3’ adapter |5 phosphateUUBACCGCGAATTCCAG 3

5 adapter |5 ACGGAATTCCTCACT AAA T
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[I-11I-b Reverse-transcription and amplification

The 5’adapter-RNA-3’adapter has been retro-traptamnli in cDNA using a 30 nucleotides
primer (table 2) that contains a Ban | site ofniegon.

The RNA has been incubated withullof RT 5’primer (100uM) for 30 seconds at 90° C,
then with the RT mix (0,1M DTT, 1X first strand lbeif, 2 mM dNTPs and Mgglfor 3
minutes at 50° C and later 150 units of Supersérifgverse transcriptase (Life Technologies)
have been added to the final solution oful.5The reaction has been carried on for 30 minutes
at 42° C.

The cDNA corresponding to the ligated RNA fragmastthen amplified by PCR using the
reverse transcription primer and a second 3’ priftedsle 2) containing the Ban | digestion
site.

2 ul of cDNA from the previous step has been usedfina solution of 5Qul containing 5ul

of 10X reaction buffer added with MgC{25mM), 0,2 mM of each dNTPsull of each
primers, and the 2 units of Taq polymerase (Promega

A PCR of 30 cycles (0: 45 minutes of denaturatip@4g C, 1 minute of annealing at 50° C, 1
minute of extension at 72° C) has been used toifntpe cDNA. The 70 nucleotides in size
amplified DNA was tested on 2% agarose gel usipyd the PCR.

Table 2 Name and sequence of the primers used for thergevtranscription and the
amplification of the 5’adapter-RNA-3’adapter (ballarachetr : Ban | site of digestion).

Name Sequence

RT 5’ primer 5" GACTAGCTGGAATTC AAGGATGCGGTTAAA 3

RT 3’ primer 5" GACTAGCTTGGTGCGAATTC GCGGTAAA Z

[lI-11l-c Ban | digestion and concatamerization

The PCR fragment has been purified by using Wipandfication kit (Promega) and cloned
in pGEM-t plasmid (Promega) or subsequently digesteth Ban | enzyme in order to
generate fragments able to link all together arfdrim a concatemer to clone.

The DNA eluted (approximately 3@, 500 ng-1ug of DNA) from the previous step has been
used in the digestion, which has been effectedatC3for 3 hours in a final volume of 2Q0

of buffer solution using 200 units of Ban | enzy(h&=B).

The digestion has been tested on 2% agarose geintpare digested band with undigested
PCR product. After the purification of the digest®NA reaction (Promega kit), the
concatamerization reaction has been carried ongu8hpl of the purificated digestion
reaction mixed with 1@l of 10X ligase buffer, the two primers (BV) and with 1600 units
of T4 DNA ligase (NEB), in a final volume of 1Qf). Before the addition of the ligase, the

98



solution is incubated for 10 minutes at 65° C toatare the short digested fragments and
prevent their eventual re-ligation. The solutiodled with the ligase has been incubated for 5
hours at room temperature and then the concataamienzproduct has been tested on 2 %
low-melt agarose gel.

The DNA of 200-600 base pairs of concatamerizgbiaducts has been cut from the gel and
melted in a 0,3 M NacCl solution at 65° C for 5 otes and the concatamers purified by the
Wizard kit (Promega).

The extremities of the concatamers have been filedbating for 30 minutes at 72° C in a
final solution of 12Qul containing 12ul of 10X reaction buffer, ANTPs (2 mM each), andjTa
polymerase in standard conditions (O,2®f Taq at SUjl, Promega).

[I-11I-d Ligation and transformation

1 pl of 10X reaction buffer (Promega) has been adaed,b pl of the vector, pGEM-t,
(50ngpl, Promega), with Jul of T4 DNA ligase (3udl) and 6,5ul of the DNA fragment to
clone in a final volume of 1Ql following the instructions of the kit pPGEM-T Vdor System

I (Promega). The ligation reaction has been intatat 15° C overnight.

2 ul of the ligation has been used to transfdfscherichia Coli electrocompetent cells that
were previously treated to be transformed by acteteimpulse and were stocked at -80° C.
The cells were seeded on dishes containing Lurié&aBeagarose medium (LB, 10 g/l of
bacto-tryptone, 10 g/l of NaCl, 5g/l of yeast egtjebefore seeding them added with IPTG
(10 pg/ul), ampicillin (100 pg/ul), X-galactosidas€10 pg/ul). The plates were left in the
incubator at 37° C overnight.

[lI-111-e PCR from colony

To verify that the white colonies contain the fragmand to exclude false positive the white
colonies were analyzed by PCR.

The PCR (30 cycles of 94° C for 20 seconds of deatbn, 58° C for 30 seconds of
annealing, 72° C for 30 seconds of extension) vedfected using two primers (table 3)
adjacent to the site of insertion of the fragmestgndard conditions for dNTPs and Taq
polymerase and the colonies picked up from theepla’he PCR product have been analyzed
in 2% agarose gel.

The colonies that showed an amplification of therated size, approximately 300 base pair,
were chosen for a plasmidic extraction.
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Table 3. Name and sequence of the two primers used téywbe presence of the inserts in
the plasmid.

Name Sequence

universal 5 GTTTTCCCAGTCACGAG 3

reverse 5' CCAGTATCGACAAAGGAC 3'

[I-11I-f Preparation of recombinant plasmidic DNA and sequencing of the inserts

A bacterial pre-culture have been obtained for eafcthe colonies of interest seeding the
colonies singularly in 2 ml of LB liquid medium atidned with ampicillin (10Qug/ml). The
tubes have been put in agitation overnight at 37° C

The extraction of plasmidic recombinant DNA is readl following the alkaline lyses
protocol (Birnbon et al., 1979), modified by Micaetlal. (1985).

The concentration of DNA extraction has been evatlan 1% agarose gel resulting for the
clones in the range of 0,1-Quy/pl.

10 ul of plasmidic DNA of each clones containing bothgsilar fragment or concatamers
were sent to be sequenced outside.

The sequences were analysed using the BIOEDIT acétwTom Hall, Departmen of
Microbiology, NCSU, USA).

[1I-11I-g Analyses of the cloned fragments

The 19-25 nucleotides cloned fragments have bedti-atigned by the Clustalw software
(http://www.ebi.ac.uk/clustalwto exclude the redundant sequences and to obger\artial
sequence homology between them.

The non redundant cloned fragments have been athlyy nucleotide-nucleotide BLAST
(http://www.ncbi.nlm.nih.gov/blaytin the EST-mouse database, in the miRNA registry
(http://www.sanger.ac.uk/Software/Rfam/miRnahd they have been mapped in the mouse
genome fittp://www.ensembl.org/Mus_musculus/index.hjtml

A genomics sequence of 120 nucleotides contaiiagloned fragments was analyzed using
the mfold softwareHh(ttp://www.bioinfo.rpi.edu/applications/mfold/rnafinl.cgj 1995-2006,
Michael Zuker, Rensselaer Polytechnic Instituteptedict possible secondary structure of
MIRNA precursors in this genomic region.
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[1I-1V-Validation of the potential miRNA
[1I-IV-a Construction of the precursor sequences

The precursor sequences were reconstructed usiogdifferent methods: for the longest
sequence (in this case G18n27 and LSII39) two ligpnucleotides of approximately 80
nucleotides, overlapping one on the other and nmpitd the two extremities of the potential
precursor were mixed in a filling reaction followdy a PCR with the same couple of
primers ; for the shortest sequences (FLP31 antlleptwo primers of 40 nucleotides were
used to amplify the mouse genome (table 4).

The primers bring at the external extremities a sftdigestion, (Bam HI in this case), of the
enzyme used to clone the precursor in the plasifhé. sequences of the precursors were
analyzed to verify the absence of any site of digesof this enzyme before beginning the
protocol.

In the filling reaction 4ul of the 80-nt size primers (100 pmdl were mixed to 24ul of
distilled water and placed first at 95° C for 5 otigs to avoid complementary hybridization
of primers. After their cooling in ice 2l of ANTPs (10mM), 44l of 10X Klenow Buffer and

2 ul of Klenow enzyme (5Ull) (Biolabs) were added to obtain a final reactod=O pl which
went on for 30 minutes at 37° C and for 15 minaie85° C.

The PCR was performed in a finale volume ofib@sing, in one case, |# of the paired 80-
nt primers, and in the other cas@llof mouse DNA (100 ngd), with 0,5ul of each primers
(30 pmolfl), in a PCR mix containing 2 mM dNTPs and 2,5 mMjG4 and 0,5ul of Taq
Polymerase (5yd). The PCR ran for 40 cycles : 94° C for 10 seofldenaturation, 60° C
for 20 seconds of annealing, 72° C for 20 secom@xtension.

5 I of the PCR were tested on 1% agarose gel witiNA Bize marker to verify the correct
length of the precursors.

Table 4. Names and sequences of primers used for theraotish of G18n27 precursor,
LSII39 precursor, FLP31 precursor, LSII15 precurgbold characters: site of Bam HI
digestion)

Name Sequence

preG18275' | CGGGATCCCG TCCAGAACACGGACACCGCAGGGTGAGGTAGTAGGTTGTGTGGTTTCAGGG

p reG18273' | CGGGATCCCG TCCCTGGGCGCCTCAGGGAAGGCAGTAGGTTGTATAGTTATCTTCGGTGG

preLSI1395' | cCGGGATCCCG GGCAGTCTCAGAAATCCAAACTTTTCAGTTTCCTGGATTTTTCTCTCTATTAA

preLSII393' | cCGGGATCCCG GGCAGGCGAGAATTCTACCACTGAACCACCAATACTACCTTTATTTTATCTTAA

preFLP315' | CGGGATCCCGGTTTCAAAGTTTTGATAGGTTCTACGCATG

preFLP313' | CGGGATCCCGGCTTCAGCTTTGACTTTCAGAGCACTGGG

preLSII155 | cGGGATCCCGAGCGCCGAATCCCCGCCGCGCGTCGCGGCGTG

preLSI1153' | cCGGGATCCCGGGTCTTCCGTACGCCACATTTCCCACGCCGCGACGCGCGGCGG
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The remaining 4%l of the PCR were mixed to 2,5 volumes of Ethar@%/Acetate of Na
(2,5mM) and let at -20° C overnight to precipitate. Tdey later the DNA was centrifuged
for 15 min at 15000 rpm at 4° C and washed one tiitie ethanol 70%. The pellet was dried
at the room temperature and resuspended ipl 10 distilled water leaving the DNA for 5
minutes at 65° C.

The precursor sequence was ligated in the pGEM:toveand the correct sequence was
verified like described in the paragraphs 1lI-¥/I1tl-VII.

[1I-IV-b Construction of the expression vector

For the in vitro expression studies the precursane cloned in the Bam HI digestion site of
the 5021 base pair pUHG 17-1 plasmid which contamsibiquitous promoter, CMV. rtTA
andB-globin sequences are adjacent to the site oftinee The precursor sequence and the
vector were prepared independently before theitigat

The precursor sequence was recovered digestingp®@tM-t plasmid of the sequenced
colonies containing the correct precursor sequelnca.final volume of 12Ql 20 ul of the
plasmidic DNA (1ug/ul) were digested using 3@ of Bam HI enzyme (20w, NEB)and 12

ul of 10X reaction buffer (NEB). All the digestioeactions were charged on a 2% low-melt
agarose gel and the precursor fragments (from ©1R00 nucleotides, depending on the
precursor) were recovered from the gel with a stalphe DNA was eluted from the gel like
described before and purified by the aid of WizdtdPromega). 4@l of purified DNA were
recovered and concentrated under vacuum (speedevacfinal volume of 17, whose 4l
were tested on a 2% agarose gel (1Quing/

2 ul of pUHG plasmid (1,5ug/ul) were digested in a final volume reaction of 20@vith 20

pl of Bam HI enzyme (20y) and 20ul of 10X reaction buffer (NEB). pl of the digestion
were tested on a 1% agarose gel together withulOd non digested plasmid to verify the
different run of the two plasmid.

To confirm the plasmid linearization 16 of the digested plasmid were subjected to a s®con
digestion with Hind Il in a finale volume reactiaf 100 ul with 5 pl of enzyme (20U,
NEB). 6 pl of this second reaction were tested on a 1% agagel along with a marker size
and the two fragment of digestion of 940 and 408%ebpair were observed at the correct
position.

The remaining 18@l of the Bam HI digestion were then purified by thvzard kit (Promega)
and eluted in 140l of distilled water.

The digested and purified plasmid was then sulgetdea dephosphorilation in a finale
volume reaction of 20Ql with 9 U of alkaline phosphatase(Roche) andik6f 10X reaction
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buffer (Roche) at 50° C for 40 minutes. The reactMas purified and eluted in a volume of
33 pl of distilled water. 3ul were tested on a 1% agarose gel with a size marie 0,3ul of
non digested pUHG and the concentration of the stige dephosphorilated plasmid was
estimated to be approximately 150 pig/

[1I-1V-c Ligation, transformation and sequencing

6 pl of each purified insert (the precursor) were rdixe 2 ul of the dephosporilated and
linearized pUHG plasmid in a finale volume reactmnl0 pl adding 1ul of 10X reaction
buffer and 1ul of ligase (3ULl). The reaction went on for 10-15 hours at 37°AChegative
control was provided from a tube in which the fragtnof insertion was not added.
Escherichia Coli cells were transformed with the engineered plasand cultivated on plates
of LB agarose medium added with ampicillin (1@@/ml) like it is described in the
paragraphs llI-111-d.

A PCR test (30 cycles : 94° C for 30 seconds ofatlenation, 58° C for 30 seconds of
annealing and 74° C for 40 seconds of extensios)eff@cted like described in the paragraph
llI-1ll-e on a series of colonies to select thensBbrmed ones using primers pairing on the
rtTA andBglobin sequences.

The plasmidic DNA was prepared like described sghragraph 111-111-f.

The plasmidic DNA were tested by PCR to determir@edrientation of each precursor in the
site of insertion of the plasmid.

1 pl of each DNA plasmidic preparation was subjected touple of PCR with primers (table
5) pairing on the precursor and, respectively, primers pairing on rtTA or orB-globin
sequences. The PCR of 30 cycles (in the same eamdis for testing the positive colonies,
but with an extension temperature of 72° C) wasadéd in a finale volume of 38 using 0,5

ul of each primers (30 pmail) and standard buffer and Taqg polymerase condition

The PCR was tested on 2% agarose gel and theatiffeize of PCR product indicated the
orientation of the precursor in the plasmid.

10 ul of recombinant plasmidic DNA from the positivel@aies for both orientations of each
precursor were sent to sequencing using bothtT#e and the B-globin primers to sequence
the insertion fragments in both directions. Theussxges were analysed by BIOEDIT.

Table 5. Primers used to test the orientations of theriase

MTA/1 GATGCCCTTGGAATTGACGAG

B-glob/2 [TATAACATGAATTTTTCAATAGCG

103



[1I-1V-d DNA plasmidic preparation

After the analyses of the sequences 1 positivengofor each precursor in both orientation
was chosen for a first pre-bacterial culture asdilasequent bacterial culture in 100 ml of LB
liquid medium added with ampicillin (19@y/ml), which was put at 37° C overnight seeding
inside the 2 ml of pre-culture.

Large amount of plasmidic DNA was extracted usimgdlkaline lyses method following the
protocol of the Nucleobond PC100 plasmid DNA pugsfion kit (Marcherey Nagel). The

DNA was tested on a 1% agarose gel with a ciraqgganma range of plasmidic DNA and was
estimated to be in the range of O,pi/l.

IV-1V-e Transfection test

For thein vitro studies COS-7 cells (cellular line derived fromri@fgreen’ monkey kidney
transformed by the SV40, this line express the figan, it was established from CV-1
monkey cells and has a fibroblasts morphology) Heeen used.

The cells have been grown in 10 cm of diameteredisf©range Scientific) in Dulbecco’s
Modified Eagle’s medium (DMEM) with the addition d0% of SVF, 2 mM glutamine,
penicillin 20Ul and streptomycine 100ul/incubating them in a thermostat at 37° C (5% of
CO,) until a confluence of 40-60% was observed abttecal microscope after 24/48 hours.
Transfection tests have been made using the jE{R&tionic reagent (PolyPlus transfection)
and following the instructions relative to the reat

The cells have been seeded in 6 multi-wells plateswhen a 40-60% confluence is noticed
each wells has been transfected with plasmidic mbéomant DNA carrying a different
precursor in one orientation. The negative contvak provided by a wells of cells non
transfected. Both DNA and the jetPElwere diluted in two independent 10 150 mM
NaCl sterile solution. il of jetPEIM™ were necessary to transfecug of plasmidic DNA.
The jetPEIM solution was added to the DNA solution and the mhigelution was left 15-30
minutes at room temperature before being addedrtd @f the medium of each well. The
cells are left in the incubator at 37° C and tla@s$fection went on for 2 days.

0.8 ml of RNA NOW reagent were added to the medaamtaining cells of each wells and
the total RNA was extracted, tested on 1% agareb€leR ug/ul) for its quantity and quality
and used to analyze by Northern blot, like it isaied in the paragraph IlI-1l, tha vitro
expression of the miRNAs corresponding to the fiesnied precursors.
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IV -Results and discussion

The involvement of miRNAs in the mouse mammary dlamas analyzed in two

different ways: i) it was examined the expressiba eet of known miRNAs during the
stages of development of this organ, ii) in orderidentify organ-specific miRNA,

libraries of microRNA, extracted from different gés of the developing mammary
gland, were constructed and some new ‘candidatdNigRwere characterized.

IV-I Detecting miRNAs in mouse mammary gland

In order to defined the role of miRNA during thevdlpment of mammary gland (MG),

first the expression of some miRNAs already degctilm literature and present in the
microRNA registry was analyzed.

A group of 25 miRNAs was selected : between th&rare human miRNAs (Lagos-

Quintana et al., 2001) 100% identical to part afusnces of cDNA derived from the

mammary gland in the EST mouse bank; 9 are higkhtyessed in human breast tissue
(Liu et al., 2004), the remaining show an involvertie tumor breast tissue (lorio et al.,

2005; Lee et al., 2005; Cimmino et al., 2005). frer mammary human miRNAs the

homologous murine miRNAs were searched and the mgmtary sequences were
ordered and used like probes for the hybridizat{teisle 1).

Table 1L Mouse miRNA tested, their bibliography origineithcorresponding probes.

Name miRNA Sequence Origin Name prohe Sequenze
Lagos-Quintana
mmu-miR7.1 | TGGAAGACTAGTGATTTTGTT et al, 2001 miR7.1as | AACAAAATCACTAGTCTTCCA
mmu-miR92.1 | TATTGCACTTGTCCCGGCCTGT " miR92.1as ACAGGCCGGGACAAGTGCAATA
mmu-miR130a] CAGTGCAATGTTAAAAG miR130aas | CTTTTAACATTGCACTG
mmu-miR140 | GTGGTTTTACCCTATGGTAG miR140as CTACCATAGGGTAAAACCAC
mmu-miR142 | CATAAAGTAGAAAGCACTAC miR142as GTAGTGCTTTCTACTTTATG
mmu-miR145 | GTCCAGTTTTCCCAGGAATCCC miR145as GGGATTCCTGGGAAAACTGGAC
mmu-miR203 | TGAAATGTTTAGGACCAC miR203as TGGTCCTAAACATTTCA
mmu-miR212 | TAACAGTCTCCAGTCAC miR212as GTGACTGGAGACTGTTA
mmu-miR216 | CTCAGCTGGCAACTGTG miR216as CACAGTTGCCAGCTGAG
mmu-miR217 | CTGCATCAGGAACTGATTGG miR217as CCAATCAGTTCCTGATGCAG
mmu-let7b TGAGGTAGTAGGTTGTGTGGTT let7bas AACCACACAACCTACTACCTCA
mmu-let7c TGAGGTAGTAGGTTGTATGGTT let7cas AACCATACAACCTACTACCTCA
mmu-let7a TGAGGTAGTAGGTTGTATAGTT Liu et al., 2004 | let7aas AACTATACAACCTACTACCTCA
mmu-miR23b | ATCACATTGCCAGGGATTACCAC " miR23bas GTGGTAATCCCTGGCAATGTGAT
mmu-miR24-2 | TGGCTCAGTTCAGCAGGAACAG miR24-2as | CTGTTCCTGCTGAACTGAGCCA
mmu-miR26a-
1 TTCAAGTAATTCAGGATAGGCT miR26a-1as | AGCCTATCCTGGATTACTTGAA
mmu-miR26b | TTCAAGTAATTCAGGATAGGTT miR26bas AACCTATCCTGAATTACTTGA
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mmu-miR30b | TGTAAACATCCTACACTCAGC miR30bas GCTGAGTGTAGGATGTTTAC
mmu-miR30c¢-

1 TGTAAACATCCTACACTCTCAGC miR30c-1as | GCTGAGAGTGTAGGATGTTTACA
mmu-miR30d | TGTAAACATCCCCGACTGGAAG miR30das CTTCCAGTCGGGGATGTTTACA
mmu-miR100 | AACCCGTAGATCCGAACTTGTG miR100as CACAAGTTCGGATCTACGGGTT

lorio et al, Leg
et al, Cimming

mmu-miR15a | TAGCAGCACATAATGGTTTGTG et al, 2005 miR15aas | CACAAACCATTATGTGCTGCT
mmu-miR16a-

1 TAGCAGCACGTAAATATTGGCG miR16as CGCCAATATTTACGTGCTGCTA
mmu-miR125a] TCCCTGAGACCCTTTAACCTGTG miR125aas | CACAGGTTAAAGGGTCTCAGGGA
mmu-miR205 | Rlo o KR = RIK o o = o o = ([ X miR205as CAGACTCCGGTGGAATGAAGGA

The expression of these 25 miRNAs was analyzeddoyhidrn blot in several stages of
mouse mammary gland before and after the fecundatio
The expression of 10 miRNAs was detected : letétasb, let-7c, miR-26a, miR-26b,
miR-16a, miR-24-2, miR-145, miR-30b, miR-30d.
For 6 miRNas, 3 belonging to the let-7 family, Zhe miR-26 family and for miR-16aa,
the expression was strong, for the remaining ahthas weak (table 2).

Apart let-7b, let-7c, miR-145, chosen after setactin the EST murine database, and
miR-16a, analysed as presented in breast tumauwetithe others miRNAs detected in
mouse are homologous to human miRNAs highly expeessthe mammary gland (Liu
et al., 2004).
It is not known either if the undetected miRNAs amet expressed in the mouse
mammary gland or if the sensibility of the techragsa not sufficient to reveal the less
expressed miRNAs. For Liu et al. (2004) the Nonthielot analysis has been used to
confirm microarray data and they have shown thatetls a high concordance between
the results of the two techniques, then it wassuoprising to detect let-7a, miR-26a,
miR-26b, miR-24-2, miR-30b, miR-30d, but also thttes human homolog miRNAs
were attended to be detectable in mouse mammangl.glEhe lack of expression of
miR-23b, miR-30c-1 and miR-100 could be explaingdtle difference, in the two
studies, of the species in exam (human versus mausdor by differences in the
samples analyzed, like the stage of developmenh@®fmammary gland (virgin or

lactating or involuting..) or the tissue analyzegithelial cells or connective tissue or
both), conditions that are not described in thekwafrLiu et al.. ; as well the fact that
miR-15a, miR-125a, miR-205a, differentially expesn the neoplastic human breast
tissues comparing to normal breast tissues (ldr&d.£2005; Lee et al., 2005; Cimmino
et al., 2005), and the remaining human homolog MiRNNIiR-7.1, miR-92.1, miR-130,
miR-140, miR-142, miR-203, miR-205, miR-216 and AR2R7, were non detected,
could be due to the same reasons.
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Table 2. miRNA tested and their level of expression.

miRNAs analyzed detection level

let-7a, let-7b, let-7c, miR-16aa, miR-26a, miR-
26b, o+

miR-24-2, miR-30b, miR-30d, miR-145 +

miR-7.1, miR-15, miR-23b, miR-30c1, miR-92.1,
miR-100, miR-125b, miR-130, miR-140, miR-142,
miR-203, miR-205, miR-212, miR-216, miR-217 -

IV-II Characterization of miRNA expression profile in MG

An extensive experiment was set to obtain a com@atl accurate expression profile of
the miRNA in different stages of the developmenii&.

Total RNA was extracted from mouse MG at the stagetsand 8 weeks of virgin; 4-,
6-, 12-, 18-days of gestation; 1-, 3-days of lactgtand 1-, 3-, 6-days of involution.
The levels of miIRNA expression, analyzed by Nomhblot, were measured in each
stage, after normalization of the quantity of RNMreliable expression profile during
the development of MG was obtained for each miRBigtdd.

The expression of all the 10 miRNAs examined iecked at all stages studied and is
variable along the MG development. The profilesdifierent, but a strong decrease of
expression during the lactation and a relevane@®e during involution is observed for
all of them.

let-7a, let-7b, let-7c and miR-26a and miR-26b strengly detected (figure 1 and 2).
let-7b and let-7c have similar profiles, which shommmon features whit the miR-26a
profile, while let- 7a is more similar to miR-26b.

At the stages of virgin, 4 and 8 weeks, the exjpoassf let-7a and miR-26b is some
more higher than in the gestation. During this stag 4, 6, 9, 12 and 18 days, their
expression is stable. At lactation the expressibret-7a and miR-26b decreases,
reaching the minimum of the profile at the firstdathird day, respectively. During
involution the levels of let-7a and miR-26b progiesly increase touching the
maximum of the profile at the sixth day.

The expression of let-7b, let-7c and miR-26a atdtages of virgin is comparable to or
higher than the expression of let-7a and miR-2ébpectively. In the early gestation, 4
and 6 days, the levels of let-7b, let-7c and miR-26main high, while these levels
progressively decrease during the stages of midaeadjestation till reaching the levels
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of expression of let-7a and miR-26b at 12 and & dé gestation. During the lactation
(day 1 and day 3) the expression of let-7b, le&idd miR-26a is low and comparable
to the expression of let-7a and miR-26b. Also & skages of involution the profiles of
the 5 miRNAs are comparable, undergoing a progresscrease.

Figure 1. Image of the Northern blot for let-7c and expressprofiles of let-7a, b, c
during the development of mouse mammary gland, r aftermalization and
quantifications of the Northern blot data. Eachnpoiand the relative error bar,
represents the average miRNA expression (countshprite) between two individuals.
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Figure 2. Image of Northern blot for miR-26a and expresgoofiles of miR-26a and
miR-26b during the development of mouse mammarpdjlafter normalization and
quantifications of the Northern blot data. Eachnpoiand the relative error bar,
represents the average miRNA expression (counnperte) between two individuals.
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miR-24, miR-30b and miR-30d are weakly detected.

The expression profile of miR-24 (figure 3) is damito the profiles described before :
the expression at the stages of virgin is highengaring to the early and mid gestation,
at 6 and 9 days, like for let-7a and miR-26b. Ad thay 12 of gestation is observed a
small increase in expression, while during the fgstation and the lactation the level
decrease and reaches the minimum values of théeprBfuring the involution the
expression progressively increases as observabtddirst 5 miRNAs.

miR-30b and miR-30d show different expression pesfbetween them : comparing to
miR-30b, the activity of miR-30d is more similar tbat one of the first miRNAs
described.

miR-30d shows higher expression at the stageseo¥itigin comparing to the gestation.
The minimum of the profile is observed at the ehthes stage, at 18 days, and during
the lactation, when the levels of expression are &nd constant. The expression
remains low also in the beginning of involution ydB and increases some more at 3
and 6 day of involution.

miR-30b is highly expressed at 4 and 8 weeks ofvitgen, while during the gestation
its expression strongly decreases, remaining congtth the 12 day of gestation.
Interestingly the miR-30b expression increasefatday 18 of gestation and it is high
at the first day of lactation. The miR-30b expresdevel significantly decreases at the
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day 3 of lactation and at the beginning of invalatieven if it remains comparable to
the levels of early and mid gestation. At the ttardl sixth day of involution miR-30b is
more expressed, at the same levels measured staties of virgin.

Figure 3. Image of the Northern blot for miR-30b and expi@sgprofiles of miR-30Db,
miR-30d and miR-24 during the development of mousammary gland, after
normalization and quantifications of the Northefatllata. Each point, and the relative
error bar, represents the average miRNA expregsiomnts per minute) between two
individuals.
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miR-145 is weakly detected and it shows an expoasgiofile different from the other
mMiRNAs analyzed. Also miR-16aa, detected at highsues, as a singular profile
comparing to the first ones (figure 4).

The miR-145 expression is low during the first s®@f virgin and it decreases some
more during the early and mid gestation, till tlag . At the day 12 and 18 of gestation
miR-145 is more expressed, at levels higher thaihenvirgin. During lactation and in
the beginning of involution its expression decrsas@nificantly till reaching the
minimum value of the profile. At the third and d$ixtlay of involution its level of
expression strongly increases reaching the maxiteuet at the day 6.

miR-16a is highly expressed at the stages of tinginvi These levels progressively
diminish during the early and mid gestation (49@Jays) reaching a first minimum of
the profile at the day 9 of gestation. Interestndliring the mid and late gestation (12
and 18 days) till the beginning of lactation (1 ey expression progressively increases,
while at the third day of lactation a significargatlease in expression is observed. As

110



for the most part of miRNAs analyzed, miR-16aa egpions increases during the
stages of the involution.

Figure 4. Image of the Northern blot for miR-145 and expi@sgrofiles of miR-16
and miR-145 during the development of mouse mamrg&ayd, after normalization
and quantifications of the Northern blot data. Epdmnt, and the relative error bar,
represents the average expression (counts pereahipetween two individuals.
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The miRNA profiles could be correlated with the monal control of some
physiological phases of mammary gland developmenthat the differentiation of the
epithelial tissue during the developmental cycle té organ : for example the
progesterone is secreted in the beginning of pregnand its level increases during this
phase till the parturition, when the secretion dases brutally; the concentrations of
estrogens are high during puberty and low durirggpancy, while the levels rapidly
decrease at parturition. The miRNAs profile couleflect a combination of more than
one regulatory pathways of these hormones. Moretheeconcentration of prolactin is
low during the most part of the pregnancy, increasethe last part of this stage,
reaching higher levels during the lactation, whilelecreases in the involution. This
profile shows to be inversed correlated to that ohdifferent miRNAs analysed (for
example let-7a, let-7b, let-7¢c, miR-26a, miR-260)e secretion of prolactin promotes
the proliferation and differentiation of the epiibhétissue, and the growing number of
cells and differentiated structures for the milkcreéion during the gestation, at
parturition and during the lactation, is also irsedy correlated to the profile of some
MIiRNAS.
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IV-IIl Characterization of miRNA expression profile in different organs

To assess the organ-specificity of these miRNAsystidon blot analysis were
performed to compare the miRNA expression in briagart, liver, lung, muscle, kidney,
ovary, spleen and thymus, with the expression in MG

An organ-expression profile was produced for onBN#A for each group of different
MIRNA profiles : let-7c, miR-26a, miR-24a, miR-30hiR-16aa and miR-145.

The expression profiles showed that none of theNAiRdetected is expressed only in
MG, demonstrating their presence at low to highelevalso in some other organs
(figure 5): for example miR-26a is more expressethe muscle, in the lung and in the
brain; miR-16a is strongly detected in the lungesp and heart, miR-145 is highly
expressed in the ovary and in the lung; miR-24aghkly detected in the lung and in the
muscle; miR-30b is maximum detected in the lung.

Among the 6 miRNAs considered let-7c shows the ésgivalue of expression in MG
comparing to the other organs, while miR-26a anB-80b are the less expressed in
MG. Let-7c is also the more expressed in all thgans considered, while the less
represented are miR-24a and miR-145.

The lung could be the organ where all the miRN#tdd are expressed at highest levels,
followed by the muscle, the heart, the ovary, tidndy, the spleen, the brain, the
mammary gland; while the thymus and the liver shiower levels of miRNA
expression.

The anatomy and the structure of the lung has saomaéogies to the mammary gland
that could explain the significant expression oé tmiRNAs detecred in mammary
gland in this organ.

Like the mammary gland and kidney the lung is anbined organ in which tissue-
specific mechanisms, some of them unique for thetfan of the organ and some other
common to different organs, govern the branchirgpmogenesis. In the lung the
epithelial tissue and its development, like in themmary gland, has an important role
and these observations could suggest a potentlatype specific role for these
mMiRNAs.
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Figure 5. Images of two Northern blot, for miR-16a and n#€& and expression data
of let-7¢c, miR-26a, miR-24a, miR-30b, miR-16a andRfh45, in ten different mouse

organs, after quantifications of Northern blot d&ach column, and the relative error
bar, represents the average value (counts per @ibhatween two individuals.
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IV-IV Detecting miRNA cellular origin

The miRNAs expression profiles in the developing M&nonstrate a temporal control
of miIRNA expression, that could show indirectly @spible miRNA regulatory role on
the succeeding stages of MG development.

The MG is composed of two main tissue-compartmettie: stroma, or ‘fat pad’,
constituted by different cellular types, such dsrdblast, adipocytes and cells of
connective tissue, and the epithelial tissue.

In order to get deeper insight about the expressiothe miRNAs in MG it was
examined their cellular origin.

The aim of the experiment was to discover if thprezsion of miRNAs is specific of
one of the two main tissue-compartment.
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MIiRNA expression was measured by Northern blotarmal MGs and in MGs where
all the epithelial tissue was removed, such asdear fat pad’ MGs.

Mice at the stages of virgin were operated at dnth@ two mammary glands of the
fourth couple before the development of the epdheissue. The operated mice enter
normally in the reproductive cycle and the RNAtbkir fourth couple of glands, whose
one is normal and one is operated, was extractiéu atages of virgin 8 weeks.

A preliminary analysis was effected at the stageigjin 8 weeks and pregnancy 18
days to test the expression of let-7c, miR-26araiiRl 145 (figure 6).

In the stage of virgin the observed differencexpression levels between clear fat pad
and normal MGs for let-7c and miR-26a is not sigatfit, while the expression of miR-
145 does not show variation between the two MGsthin gestation the levels of
MIiRNA expression are higher or equal in the cledr dad MGs comparing to the
normal MGs.

These results demonstrate that miRNA are expressdae stroma of the mammary
gland, without excluding their expression in thetlegial tissue. There are evidences
(results not published) of miRNA expressionvitro in mouse mammary epithelial cell
lines (HC11). Moreover the expression profile dftak miRNAs analyzed show that
there could be an association between the inhibitmd activation of mIRNA
expression, at the lactation and involution, respeky, and the simultaneous
proliferation /differentiation and apoptosis of thgilial cells in the corresponding stages.
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Figure 6. Image of the Northern blot for let-7c and expi@ssiata of let-7¢c, miR-26a
and miR-145, represented like column after normasihn of Northern blot data, in clear
fat pad, C, MGs, and in normal, N, MGs at the stafgérgin 8 weeks and gestation 18
days. Each column, and the relative error bar,ests the average value (counts per
minute) between two individuals.
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IV-V Cloning new miRNA in mammary gland

The mammary gland is an evolutionary recent ordet accomplish the lactation, a
unique function that characterizes mammals.

Recent evidences about organ- and tissue-specifkNAs (Lagos-Quintana et al.,
2002; Liu et al., 2004; Sempere et al., 2004; Ragl.e 2004; Frederikde et al., 2006;
Ryan et al., 2006; Chen et al., 2006, Ramkissal.eP006; Coutinho et al., 2006; Xu
et al., 2006; Gu et al., 2006) and primate-speafiRNAs (Devor, 2006) suggested the
existence of miRNAs specific of the MG, other ththe conserved miRNAs already
noted in the microRNA registry and/or discoveredatiner species.

For this reason libraries of miRNAs extracted fromuse mammary gland at some
stages of its development have been built. Thésaries were screened in search for
inserts corresponding to reliable miRNAs; ultimgtdifferent approaches were used to
validate these ‘candidate miRNAs’, describing theipression in mammary gland and
their maturation from the potential precurgoxitro.
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The cloning protocol was performed on RNA samplesiammary glands of mouse at
the stage of virgin 8 weeks, gestation 2-, 6- agldys and involution 1-day, in order
to cover as much as possible the cycle of MG dgveént.

Between the colonies potentially transformed, 3#them (13,6%) resulted positive to
a PCR test for the insertion in the vector of aserh of the attended size (70
nucleotides).

The inserts of these 340 colonies were sequenced.

The nucleotide sequences were analyzed and, gfteliminary alignment (CLUSTAL
W, attached 1), which was performed to identify tedundant sequences, 88 clones
(26% of the total sequenced), whose 24 were redundaowed an insertion fragment
of the characteristic length of miRNAs (19 to 25itleotides) (table 6).

In the multiple alignment some fragments have &myilar sequence (90% of identity)
between them, but all the inserts having at leasiddeotide different were considered
like independent fragments. Many fragments shasggaificant part (25-90% : 5-18
nucleotides on an average sequence of 22) of theesee, positioned in the beginning,
in the center or in the end of the sequence.

In the microRNA registry miRNAs with identical maéusequence or with sequences
different for one or two nucleotides have the sarame, even if they are cloned from
different species or if they originate from separgénomic loci. These miRNAs are
grouped in the same family, thus it could be pdedib consider only a small number of
the inserts cloned belonging to the same family.

The inserts with more different sequences, but wisbare an homology of 8-18
nucleotides could have sequence similarity in tlaérpm portion of the primary
transcript and could originate from the same haigmiecursor, for example from the
two arms of it, like it is reported in literatureau et al., 2001; Lagos-Quintana et al.,
2002).

A miRNA common target in animals could be presentall the miRNAs which have a
consecutive string of 7-8 nucleotides, the ‘seedhacleus’ string, at the 5’end of their
sequence, which is responsible of the pairing ¢oniiRNA target.

The sequences aligned often share a ‘seed sequeret@’ could be suggested a similar
role for some of them.

The 340 cloned fragments were divided in : 55 ctowbose insert was extracted from
the total RNA at the stage of virgin at 8 weeksfr@gn the gestation at 2 days, 54 from
the stage of gestation at 6 days and 91 at 18 dayspm the involution at the first day
(table 5).

The half of the 64 clones selected were extragtaa the stage of gestation at 18 days,
while the other half is divided in equal fractioimsclones from the stages of virgin 8
weeks, gestation 2 days, involution 1 day, ang arthinority (2 clones) come from the
stage of gestation 6 days.
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It is evident from these data that not all the stagontributed at the same level to the
production of a cDNA library of potential miRNAsn Iparticular, in relations to the
number of clones sequenced, a significant fraatiociones from the stages of gestation
at 18 days and the involution at 1 day containemal miRNAs, the stages of virgin
and gestation at 2 days contributed at inferioelewhile the stage of gestation at 6
days does not contribute substantially to the cangbon of miRNA libraries.

It is not known why most part (25 and 33%, respety) of the 64 clones derived from
the stages of gestation 18 days and involutionyl d@ad only in modest part from the
stages of virgin and gestation 2 days. It is pdsdit suppose that miRNAs are more
abundant in late gestating and involuting mouse marg glands, but it is also
important to note that the cloning protocol was applied at the same time for all the
samples, increasing an already high number of bi@sapresent in this long and
difficult technique.

Table 5 Distribution of the number of sequenced clonesluding the redundant and
the clones bringing the insertion fragment of therect length, and the relative
percentage of this category in each of the stagxiwéction.

N° clones inserts of |%clones
Stage Ntlones sequenced 19-27 nt relative to 64
Virgin 8w 55 8 11%
Gest. 2d 93 12 19%
Gest. 6d 54 2 3%
Gest. 18d 91 30 48%
Invol.1d 47 12 19%
Total 340 64 100%

The remaining sequenced clones (252) are : 18Gsl@(d3% of the total sequenced)
that contain only primers used for the cloning;cines (19.1% of the total sequenced)
that contain short inserts of 12-18 nucleotideat ttould be RNA fragments coming
from degradation of RNA transcripts or ribosomae lit was verified for some of them
blasting their sequence in the mouse genome da&abadones that have a longer (35-
40 nt) insertion fragments (0.6% of the total sempee) and 5 clones (1.5% of the total
sequenced) that contain a fragment not sequencable.

IV-VI Validating potential miRNAs

Different approaches have been described in lilegato confirm a miRNA, based on
the definition of its most important features. Tlo#owing characteristics need to be
demonstrated : the miRNAs should have a precuris@®-80 nucleotides, with a typical
imperfect stem-loop structure in which the miRNAddcated in the stem part of one of
the two arms (1); a miRNAs should be expressedditeanscript of 19-25 nucleotides
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(2); the miRNA should be matured from the stagendRNA precursor (pre-miR) by
the activity of Dicer enzyme in the cytoplasm (3).

It was planned a combinatorial strategy, in pamg®ioinformatics tools and in part
experimental, to confirm some of the fragments etbhke candidate miRNAs.

IV-VI-a Evaluating the precursor secondary structue

A necessary requirement to confirm a short RNA saqa as a miRNA is the detection
of the typical pre-miR having a particular lengtid secondary structure.

An in silico analysis was performed for each of the 64 clonedris to localize them in
the mouse genome and to find the presence of a AipMcursor in this identified
genomic region.

First the sequences of these cloned fragments Waséed in the murine EST database,
to search if they are part of studied genes. Sdgdhd sequences were searched in the
mIiRNA registry, to know if they are already annethtand discover eventual
similarities or identities (table 6).

In the EST-mouse database the 64 fragments mataligdhigher or lower similarity,
inside cDNA clones of different kind of mouse cDNBrary.

A second analysis in the miRNA registry was effatéd to verify that the cloned
fragments were not miRNA already known and anndtated to search eventually
similarity with others miRNAs.

Blasting the short sequence of each insertion feagrthe software provided a list of
the most similar miRNA present in the registrythe table is reported for each cloned
inserts the most similar match found, and the secpi®omology to the corresponding
miRNA.

For 24 fragments (37% of the total) the softwak ribt find any match or found some
MIiRNA that were weakly similar to the fragment otdarest (sequence homology <
50%), that were not inserted in the table.

For 40 fragments (63% of the total) it is reportedhatch with a miRNA, even if the
degree of sequence homology is highly variablegirapfrom the 50% to the 86%, with
a 100% of identity for G18n273 and V11 (from thagst of gestation 18 days and virgin
8 weeks), respectively to the sequence of let-7b latr7c, two ubiquitous miRNAs
belonging to the same family, finding which conged a positive control of the cloning
protocol.

Amongst the 40 more interesting fragments 14 (38%a)ch with mouse miRNAs, 16
(41%) with humans miRNAs, the remaining 10 (26%)ch with miRNAs of different
species, such d3rosofila or Caenorabditis elegans and others.

Some fragments with similar sequence match witlstétmee miRNA.
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The cloned fragments were mapped in the mouse genging the public mouse
genome map available on thevw.ensembl.orgsite : for each potential miRNAs were
annotated all the genomic localization correspagdio the highest percentage of
probability (table 6).
It was considered the chromosome of localizatiba,genomic sequence in which they

are embedded, the position relative to the genewuding and/or the exact position

inside a gene, in exons or introns.

Table 6. Names, sequences, stage of origin, length in ntidkesy match with known
miRNAs and corresponding percentage of sequence ologyy chromosome
localizations and mapped positions inside genéleo64 non-redundant inserts cloned.

Intragen

Insert miRNA registry | Homology Chromosome Belonging to |ic

name Sequence Stage N°nt answer with miR localizat. known genes position
TATGGAGACAGATG

V817 GCAGG Virg. 8w | 19 mmu-miR-422b 63% / /
CCTAGCTCTCTGTCG

V119V8s | GGGTGTCG Virg. 8w | 23 / / /
TGAGGTAGTAGGTT mmu-let-7c-1,

V11 GTATGGTT Virg. 8w | 22 mmu-let-7c 100% chr. 15, 16 2 exon
AAAGGGTGTGGGTC

V819 AGGTTAAAA Virg. 8w | 23 / / /
GCGCCCAAAGGTTC

FLP_40s | CCTCAGAAC Virg. 8w | 24 mmu-miR-351 58% / /
TGGTGCTCTTGACTG

FLP_46s | AGTGTCTCGG Virg. 8w | 25 / / /
AGGGTTCGTGTCCCT

FLP-51 TCGTGGT Virg. 8w | 22 / / /
AACGGGCACCCTCA

LSI-3s CTAAA Virg. 8w | 19 hsa-miR-659 68% / /
CATTATTAGCTTTTG mmu-miR-126-

G217 GTACGCG Gest. 2d | 22 5p 86% / /
CCGTGACGGGTCGG | Gest.

G23nuo | GTGGGT 2d 20 / / /
GGCGGACGGCGGG Gest.

G2n22 AGAGGG 2d 19 / / /

Not  known,
gene

TCACATCGCGTCAA Gest. Camkld; not

Gd43p5 | CACCCGCC 2d 22 / chr. X, 2, 3,18 known, no exon
GCACCACCACCCAC | Gest.

Gd43p4 | GGAATC 2d 20 / / /
TTCCACTCGGCCAC Gest.

Gd43p2 | CTCGTC 2d 20 / / /
CCCCCGGCCCCGCC | Gest.

Gd43pl | CGCGCG 2d 20 mmu-miR-671 70% / /
GGCCCCCACCCCCA Gest.

Gd43p3 | CGCCCGCC 2d 22 hsa-miR-638 63% / / /
CCCGGGGCCGCAAG | Gest.

G28 TGCGTTCG 2d 22 / / /
ACATGAAGTGCGAA Gest.

Gd19 TGCTGAC 2d 21 ebv-miR-BART2 / /
GCCCCCGGCCGTCC | Gest.

Gl CTCTT 2d 19 mmu-miR-714 74% / / /
TTCGGGCCCCGCGG | Gest.

Gd8p GACACTC 2d 21 hsa-miR-663 62% chr.6 not known 0 exon
CGGGGAGCCCGGCG | Gest.

Gd6 TGTGCCGGC 6d 23 hsa-miR-638 74% / /
CGTCGGGGGTGATC | Gest.

LSIG636 | CGCTCTGA 6d 22 mmu-miR-712* 55% / /

G18n27 | TGAGGTAGTAGGTT Gest. ncRNA

3 GTGTGGTT 18d 22 mmu-let-7b 100% chr. 15 predicted exon
GAAAATCCGGGGGA | Gest.

G18n13 | GAGGGT 18d 20 mghv-miR-M1-2  |55% / / /

B30G18 | AATGTAGGTAAGGG Gest.

S AAGTCGGC 18d 22 / / /

B40G18 | AAGAGGGACGGCCG | Gest.

S GGGGC 18d 19 mmu-miR-714 74% / /

LSIG181 | TCCGAAGGGACGGG | Gest.

8u CGATGGC 18d 21 / / /
TCGGGGGGGCCGGCL | Gest.

G18242 | GGCGGCGGC 18d 23 hsa-miR-638 57% / /
GGGGTCGGCACGCG | Gest.

G1871 GCAGCGG 18d 21 osa-miR-531 67% / /
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GGGGGAGGGAGGC Gest.
G1828 GGAGGG 18d 19 / / / /
G1814p | ACGACGGGGCCCCG | Gest.
1 CGGGG 18d 19 hsa-miR-663 74% / / /
GGGCCCCGCGGCGA | Gest.
G1812d | CACTCAGCT 18d 23 hsa-miR-664 61% / / /
G1814p | CGCTTCGGGCCCCG Gest.
2 CGGGA 18d 19 hsa-miR-665 63% / / /
G18n27 | TAAACGGGTGGGGT | Gest.
2 CCGCGCA 18d 21 / / / /
A47G18 | AGAGCTGGAGGTGT | Gest.
S CCCGGTGT- 18d 22 ame-miR-317 68% / / /
AAGCCTACAGCACC Gest.
G18 CGGTA 18d 19 / / / /
not  known;
CATCGCGTCAACAC Gest. chr. 2: gene
G1821d | CCGCC 18d 19 / chr. X, 2, 3,18 camkld intron
AGTCTGGTGCCAGC Gest.
G18302 | AGCCGC 18d 20 / chr. 6, chr. 17 not known Xxon
CTCGGGCCGATCGC | Gest.
G18212 | ACGCC 18d 19 mmu-miR-714 63% / / /
AAACGGCGCCCATC Gest.
G18n30 | TC-CGCCAT 18d 22 mmu-miR-674* 59% / / /
gene:
mediator  of
LSIG182 | GCTCGCCGAATCCC Gest. DNA damage
u GGGGCCGAGG 18d 24 rlev-miR-rL1-1 50% chr. 17 checkpoint intron
TTTTGCCGACTTCCC | Gest.
G1836 TTACCTACATT 18d 26 / chr.17 gene Mdcl no exon
not  known,
chr 9: gene
GTCTTGGGAAACGG Gest. not known, chr 9, |ltga9; chr.9:
G1810 GGTGC 18d 19 kshv-miR-K12-1  [58% chr 13, chr 9 gene RIKEN intron
AGAGGTCTTGGGGC | Gest.
G1812 CTGAAAC 18d 21 hsa-miR-635 62% / / /
CTGGGTGTTGACTG Gest.18
G1831 CGATGTG d 21 / / / /
GGGTGCGAGAGGTC | Gest.
G1833 CCCGGGTTC 18d 23 mmu-miR-712* 61% / / /
LSIG1u AGTGGTGGTGGCGC Gest.
S GCGGG 18d 19 cel-miR-251 74% / / /
TCCCGGGGAGCCCG | Gest.
FLP_20s | GCGGG 18d 19 hsa-miR-596 79% / / /
CGGGGGGGCCGGC Gest.
FLP_26s | GGCGGCG 18d 20 hsa-miR-638 65% / / /
GTCCCGCGGGGCCC | Gest.
FLP_33s | GAAGCGTT 18d 22 hsa-miR-663 59% chr. 6, chr. 17 hot known ntron
AAACGGGTGGGGTC | Gest.
FLP_22 | CGCGC 18d 19 / / / /
not known,
gene
GGCGGGTGTTGACG Camkld, not
FLP_31 | CGATGTGA Invol.1d |22 / chr. X, 2, 3,18 known, intron
CGCGGCGTGGGAAA
LSII15 TGTGGCGT Invol.1d | 22 0sa-miR-808 50% not known no tknown intron
often not
known gene;
chr. 3: Trim2;
chr.7: Nalp4a;
chr.8: Mrc |;
TGGGTGGTTCAGTG chr.:1,6,13,2,3,7,3,, | chr. 10: Kit 1;
LSI1139u GTAGAATTCTCGC Invol.1d |27 mmu-miR-183 52% 8,10,17 chr.8: Vac 14; | intron
chr.13: gene
Cdyl; chr. 3:
Cyp7bl;
chr.4: U1
spliceosomal
RNA; chr.18:
gene U1,
Fcgr3a;
ATAATTTGTGGTAGT chr.12, 2, 13, 3, 10, | chr.3,19,6,4: all in
1210I1s GGGGGAC Invol.1d | 22 / 18,1,19, 3,4 gene U1, exons
CGTGGGGGTGGGGG
LSI-8s CCGTCAACT Invol.1d |23 hsa-miR-638 b7% / / /
AGTCAGCGGAGGAA
1228I1s AAGAAACTAAA Invol.1d |25 nsa-miR-511 60% ot known not known intron
AAGGGAACGGGCTT
LSII26us | GGCGGAAT Invol.1d |22 / / / /
gene
Cdk8,not
known, not
AAGAGGGCGTGAAA known, Abil,
111611s CCGTTAAGAGGTA Invol.1d |27 hsa-miR-519b 2% hr5, 1,3,2, 16 not known intron
gene: novel
kelch domain
AGCTGCGCTGCTCC containing
LSII7u TGGTAACTGC Invol.1d |24 dme-miR-275 63% chr. 4 protein intron
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TCGGTCGCGTTACC gene:

LSl-11s | GCACTGGACGCCTC Invol.1d | 28 / chr. 11 XM_894976.1 | exon
intron,
AAGGAGCCTAACGC not
LSII11u GTGCGCGAGTC Invol.1d |25 dre-miR-125c¢ 18% chr.17, chr.16 not known exon
TGAGTGTCCCGCGG
LSIl45u | GGCCCGAA Invol.1d |22 hsa-miR-663 59% / / /
GCCGGCGGGAGTCC
112011s CGGGGAGA Invol.1d |22 mmu-miR-711 55% / / /

18 of the 64 cloned inserts (28.6%) were mappedveere found dispersed in all the
chromosomes of the mouse genome except the chromeok® and the chromosome Y.
The 18 cloned insert which have high homology tecez genomic region show
sometimes more than one genome localizations. €lenth highly similar sequence
mapped in the same positions.

Half of the mapped clones are localized in knownegewhile the other half are in
genomic regions not studied.

It could be intriguing to analyze the meaning d# tienetic localization of the inserts:
the genes where the inserts mapped are sometimedated to the regulation of the
cell cycle, to transmembrane protein, to nucleaepéor, and others...One of the inserts
results part of Ul gene, that codes for a spliceas®NA (121011s) and only G18n273,
actually let-7b, results to be located in a genofragment known for the presence of
non-coding small RNA, V11, let-7c, was correctlyppad on this miRNA gene

The 18 mapped insert are divided in : 2 insertuvilggi from the stage of gestation 2
days, 7 from gestation 18 days, 9 from the involutat the first day, no one from the
stage of virgin.

After having mapped the cloned inserts, it was e, for all the most probable
genomic positions of the potential miRNAs, the pree of a miRNA precursor in the
genomic region of 120 nucleotides flanking the eldfragments.

The ‘mfold’ software was used
(www.bioinfo.rpi.edu/applications/mfold/old/rrfafm1.cgi). ‘mfold’ software is able to
predict the secondary structure of a given RNA saqa showing all the most probable
conformations and their thermodynamic stabilitywimg the values of free energy of
each conformation.

10 of the 18 potential mMiIRNAs mapped (table 7),lacated in a genomic region that is
able to fold in a structure that has the features oniRNA precursor : an hairpin
structure of at least 60-70 nucleotides constitligdwo strands pairing imperfectly,
flanked by a large loop (longer than 5-6 nucled)davhich contains the potential
mMIRNA in the linear part of one of the two strarftigure 7). For the cloned insert that
mapped in more than one position in the genome som@e more than one typical

mMiRNA precursor was observed, each coming fronffarént chromosome.
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Table 7. Data coming from the mfold analysis of the genoregion where each cloned
insert mapped. Name of the inserts, and stage iginprfor which it was found a

MIiRNA precursor in the genomic region in which thase embedded. Number of
precursor found for each insert and their chromastwoalization.

Number of | Chromosome

Name |Stage precursor localization
LSI15 |lInvol. 1d 1 chr.17

LSII39 |Invol. 1d 7 1,6,13,7,3,8,10
Gd8p Gestat 2d 1 chr. 6

FLP33 |Gestat 18d 2 chr.6, 17
FLP31 |Gestat 18d 1 chr. X

11611 |Invol. 1d 3 chr.3, 2, 16
Gd43p5 | Gestat 2d 2 chr. X, chr. 18
LSlI11u |Invol. 1d 1 chr. 16
G1836 | Gestat 18d 1 chr.17

G1821 |Gestat. 18 d 1 chr. X

Figure 7. Example of one secondary structure observed f&®3Eon the chromosome
X with the

typical conformations of a miRNA precursor. The ifoa of the potential miRNA
(FLP31)is
indicated by the red rectangle.
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IV-VI-b Searching for miRNAs expression

After having identifiedn silico a potential miRNAs precursor for a group of 10neld
fragments, their expression in mouse mammary glaasl searched experimentally to
validate them like it is proposed in literatureereice.

The expression of 5 potential mMIRNAs was evaluéedliorthern blot analysis in RNA
samples of mammary gland at the same stages fraohley were cloned : virgin 8
weeks, gestation 18 days, involution 1 day, usikg@ probes the complementary
sequences of the corresponding 5 potential miRNAs.

All the cloned fragment tested, LSII39, FLP31, US| FLP33, 1116 (table 8), showed
the detection of a band of the size attended tret more evident in the stages of
involution and gestation.
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Table 8 Name, stage, sequence and complementary sequeeddike probes of the 5
cloned fragments whose expression was tested bipé&tarblot.

Name |Stage Sequence Sequence of probes

LSII39 | Invol. 1d TGGGTGGTTCAGTGGTAGAATTCTCGC [TGGGTGGTTCAGT GGTAGAATTCTCGG
FLP31 | Gestat 18d GGCGGGTGTTGACGCGATGTGA TCACATCGCGTCAACAC CCGCC
FLP33 | Gestat 18d GTCCCGCGGGGCCCGAAGCGTT AACGCTTCGGGCCCCGC GGGAC
111611 | Invol. 1d AAGAGGGCGTGAAACCGTTAAGAGGTA | TACCTCTTAACGGTTTCACGCCCTCTT
LSII15 | Invol. 1d CGCGGCGTGGGAAATGTGGCGT CGCGGCGTGGGAAATGTG GCGT

Later the expression of the 5 potential miIRNA wasracterized by Northern blot
analysis in total RNA samples during the developnoémouse MG (figure 8).

The expression profile was produced only for foateptial miRNA : LSII39, FLP31,
FLP33 and LSII15. For 1116 many bands were obsearatlthe quantification of the
expression was not possible.

The expression profile obtained for these poteni@RNAs was not similar to the
previous ones of the first 10 known miRNAs analyzed even if there are common
characteristics each potential miRNA has its tylpprafile that shows different levels
of expression at different stages, denoting a dberniatic regulation of expression and
eventually a specific role.

The level of expression is not high during the etagf virgin, in the early-mid gestation
the expression increases, for LS1139 and FLP33Jttle of intensity is at the day 6, for
FLP31 and LSII15 at the day 9; in the late gestatmd during the lactation the
expression decreases, like it happens for therfilRNA studied, reaching a minimum
value at the first day of lactation for LSII39 ah8I115, while for FLP33 and FLP31
the levels of expression does not change betweenfitst and third day. In the
involution the levels of expression are higher,reifdor FLP31 and LSII15 the values
reach the maximum pick of the profile at the fiddy of involution and later
progressively decrease, while for LSII39 and FLR83he day 1 of involution the
expression is still low and in the last two stampeseases, without reaching the levels of
FLP31 and LSII15.
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Figure 8. Images of Northern blot and expression profilagnd) the development of
mouse mammary gland of 4 potential miRNA clonetieranormalization and
quantifications of the Northern blot data. Eachnpoiand the relative error bar,

represents the average miRNA expression betweemtixaduals.
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The aim of the experiment was to discover miRNAecer of the mammary gland.

The mammary gland specificity was examined anaty#ive expression of the potential
MIiRNAS in nine mouse organs, other than in mammgéagd : total RNA samples were

extracted and analyze from brain, heart, liverglumuscle, kidney, ovaries, spleen and
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thyme, like it was performed for the expressionrahterization of the 10 known
mMiRNAs studied. The resulted bands were quantdied the corresponding histograms
were produced for LSII39, FLP31 and LSII15 (fig@e

The expression profiles showed that LSII39, FLP&d &SII15 are highly present in
the mammary gland comparing to the other orgaren é\LSI139 is strongly expressed
also in the muscle.

The profile of LS1139 shows a big difference in eagsion between the mammary gland,
muscle and lung, and the other organs. FLP31 ig exq@essed in mammary gland,
while the level of expression in brain, heartefivand spleen is half-reduced and is
some more reduced in the others organs. LSlI150st mxpressed in mammary gland
and its level is significantly higher comparing deary and spleen, where it is half-
reduced, and to the others organs, where the levedsen lower. These expression
profiles are different from those of the known miRNtudied and show a modest
degree of expression specificity for the mammaandl|

Figure 9. Images of Northern blot and expression profiles&i139, FLP31 and LSII15
in nine mouse organs and in MG, after normalizateord quantifications of the
Northern blot data. Each point, and the relativeorebar, represents the average
expression between two individuals.
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IV-VI-c Testing miRNA maturation

A validation of the potential miRNA precursor waerformedin vitro. COS cells were
transfected with a plasmid containing a strong t@n (CMV) and the miRNA
precursor sequence in order to measure the pdtemBNA expression .

For each miRNA analyzed, the potential precursarehlaeen cloned in the ‘sense’
direction, and in the ‘antisense’ direction,

The total RNA extracted from : cells transfectedhva plasmid containing the ‘sense’
precursor sequence, cells transfected with a pthsomtaining the ‘antisense’ precursor
sequence and from cells non transfected was amhblyzeNorthern blot with probes
complementary in sequence to the miRNA cloned ariti¢ the miRNA*, to detect an
over-expression of one of these molecules compaoitige non transfected cells.

The expression of 3 potential mMiRNA have been amalyin transfected cells : LSII39,
FLP31 and LSII15 and let-7b was examined as pe@saontrol of the technique (figure
10).

The expression of the corresponding miRNA and miRNAve been visualized and
measured in cells transfected with the plasmid aiomg the sense and antisense
precursor sequence after normalization with thé&@ideé.

For let-7b the levels of expression of the miRNAugmented in cells transfected with
the ‘sense precursor’ comparing to the cells tectetl with the ‘antisense precursor’
and to the non transfected cells, considered thgative control. Let-7b* is not
expressed at a sufficient level both in cells tiected and non transfected to quantify
its expression and to produce a graph of comparison

LSII39 and FLP31 are over-expressed in cells tesntetl with the ‘sense precursor’
comparing to the cells transfected with the ‘amtge precursor ‘' and to the non
transfected ones. No expression of LSII39* and A*PBas detected in any kind of
cells.

LSI115 was not found over-expressed in cells tractefld with the ‘sense precursor’
comparing to the non transfected ones, but itfaasd expressed at comparable values
in cells transfected with the ‘antisense precursord in non transfected cells. The
presence of LSII15* was not detected.

In conclusion between the 3 potential mMiIRNAs testedas found for 2 of them a band
of the attended size and their expression was highecells transfected with the
potential precursor sequence. The positive contetl7b, validated the technique. It
was thus shown that the this 2 candidate miRNAsnaatured from the precursor
transcript, like it is attended in the last stagé&e biosynthesis of miRNAs.
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Figure 10.Images of Northern blot and expression comparisbrdspotential miRNA,
LSN39, FLP31, LSII15 and of let-7b of the corresdong miRNA* in cells transfected
with the ‘sense precursor, (preS), the ‘antisepsecursor’, (preAS), and in non
transfected cells, after normalization with thel@dJ6.
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V-Conclusions

V-I| State of art about miRNA involvement in mammary gland

The study of the tissue-specific mMiRNA expressia@natures began few years
ago in mouse and humans (Lee and Ambros, 2001;s:Quintana et al., 2002;
2003; Lim et al., 2003; Krichevsky et al., 2003ulet al., 2004; Nelson et al.,
2004; Thomson et al., 2004; Sun et al., 2004; Miskal., 2004; Sempere et al.,
2004; Babak et al., 2004; SmiRnova et al., 2005ntitelli et al., 2005) with the
development of techniques and tools like tissueifipecloning, microchip
containing oligonucleotides corresponding to knowmRNAs, and using
Northern Blot analysis and real-time RT-PCR.

It was found that in some tissues or in some orgains) a precise physiological
or pathological state of a tissue, one or a grotimdRNAs is exclusively
expressed or differentially over-/under-expressethmaring to the expression
levels of all the others studied miRNAs analyséor :example the miR-1 family
in heart, the miR-122 family in liver, miR-124 vanis in brain, etc...

In humans the tissues of the eye (Ryan et al., 2@0é brain, the lung, the liver,
the skeletal muscle (Sempere et al., 2004), thenaagpoietic cell (Ramkissoon et
al., 2006), the pancreatic endocrine cells (Pogl.e2004) etc.. has recently been
analysed, while with the development of recent gemsequence assembly of
other mammalian species of economical interesg fd¢ example chicken and
bovine, new tissue-specific miRNAs have been disped (Xu et al., 2006;
Coutinho et al., 2006).

The research of tumour-specific miRNAs has attchet®re attention and many
works dealing about differential miRNA expressiomiormal to cancerous tissue
or cell lines have been published (Calin et al.020Michael et al., 2003;
Takamizawa et al., 2004; He et al., 2005 ; O’Dohekal. 2005; lorio et al., 2005;
Lu et al., 2005; Ciafre et al., 2005; Chan et 2005; Calin et al., 2005) most of
all focusing on humans.

Among the tumours analysed the breast cancer wastigated as well. It was
proved that the miRNA were present in genomic negjimvolved in human breast
cancers (Calin et al., 2004), that some miRNAs #wbdifferential expression in
human breast cancer cell lines (Jiang et al., 2806t et al., 2006; Hossain et al.,
2006) and in human cancer breast tissues (lorad.e2005; Zhang et al., 2006;
Mattie et al., 2006; Volinia et al., 2006; tsuchstaal., 2006).

Till now the researches of miRNA expression in naribreast tissue are few : the
breast was analysed together with other humanesssging a miRNA-specific
microchip (Liu et al.,, 2004) and a set of diffeialyy over-expressed mIiRNA
was identified, while in the mouse only one workmpares the miRNA
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expression in mammary gland tissue with the miRMAression of other mouse
and human tissues (Gu et al., 2006).

V-1l miRNA expression in mammary gland

In this thesis the attention was focused on theNW& expressed in the normal
mammary gland and, for the first time, their regolain the different stages of its
development.

The work was devoted to the study of a possible NdiRnvolvement in the
regulation of the development of this organ. Thermmeary gland of mouse was
chosen like model to dissect its developmental eyicl several stages and
investigate miRNA activity during the progressioh this cycle. The mouse
mammary gland consists of two main tissues, th@srand the epithelial tissue.
The epithelial compartment occupying, from the stagf gestation till the
involution, an important physical portion of thesgan and developing into a
secretor tissue whose differentiation reflects fimectional state of the organ.
Considering the strong association of miRNA expogsso general mechanism
such as cell differentiation and organogenesis gSand Tuan, 2006) it was
suspected to discover different expressed miRNAifé¢rent physiological and
functional states of this organ.

In total the 40% of the miRNAs tested, 10 over #% showed a detectable
expression by Northern blot analyses.

Moreover the most part of miRNAs found to be higekpressed in human breast
by microarray analysis (Liu et al., 2004) are atksiectable in mouse breast,
demonstrating a similar miRNA activation in theotgpecies. The efficacy of the
technique used is validated from the fact thatrthieroarray data of Liu et al.
were confirmed by Northern blot and this techniggirormally used to verify the
singular miRNA expression and the quantification exfpression after a first
screening of differential activity of a large groop miRNA (Ryan et al., 2006;
Frederikse et al., 2006; Sempere et al., 2004; t4al.e2006; ec..). In this case a
first experimental selection of expressed miRNArfra wide group of miRNA
was avoided and the literature data were used tsecta little group of 25
mMiRNAs and to proceed directly towards a singulaalgsis of the expression
levels in mammary gland.

Some miRNAs were detected at high levels (let-@a7b, let-7c, miR-26a, miR-
26b, miR-16a), other at weak levels (miR-24-2, Bk, MmiR-30d and miR-145).
Let-7a, b, and c were highly detected, this wassngprising because the miRNA
of the let-7 family are ubiquitously expressed ahhlevel in many tissues
(Lagos-Quintana et al., 2003). MiR-16a was foundvloegulated in patients
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with B cell chronic lymphocyte leukaemia (Calin at, 2002, Cimmino et al.,
2005) and in tumour breast cell lines (Jiang et 2005), while in the normal
mammary gland its expression results easily detext® deeper comparison of
quantification data of miR-16aa expression in tuahand healty mammary gland
could reveal a cell-differentiation state specifitechanism of expression .
Surprisingly miR-125b was not detected in mammaayng, in disagreement with
recent evidences about its high expression in Inwtiféerentiated cells and tissue
(Lee et al., 2005; lorio et al., 2005), includimg tmammary gland.

These results were compared to those (Jiang €04l5) of the quantification by
real-time RT-PCR of pre-miRNA in 32 commonly usedntan cell lines,
including 5 breast cancer ones. Some miRNA deteictele normal mammary
gland were weakly expressed in the tumour bredktices, whereas others not
detected in the normal mammary gland were stroeglyressed in the tumour
cells. This may suggests the existence of miRNAschvitould be used like
molecular markers of the healthy or cancerous sffatiee breast tissue, like it was
proposed for some miRNAs in other tissues (loricalet 2005). However the
detection techniques used and the detected RNA- (peesus miRNA) are
different, making the evaluation of the significaraf this observation difficult.

It was supposed for the 15 miRNAs not detectedhénmammary gland that they
could be not expressed or, that they could be sgprkat not sufficient level to be
detected.

All the 10 miRNAs detected were present at eacleldgvnental stage studied.
This could be interpreted in different ways : thes&NAs could have no direct
implication on the development and /or differemtiatof the mammary gland, or
the overall miRNA expression patterns observed imltgte cell-type specific
mMiRNA regulation, considering the different celpty of the tissues composing
the mammary gland.

V-IlI Characterization of miRNA expression profile

A potential variation of miRNA expression durindfdrent stages of development
of mammary gland, according to the hypothesis oRKA spatial / temporal
control has been studied for 10 miRNAs. The prefiddtained demonstrate that
the presence of each miRNA is variable along theld@ment of the organ and it
suggests the existence of a precise control of rAiRXpression. This indirectly
could suggest a role for these miRNAs in regulatnget of target mRNAs with
specific functions in the development of mammagngl

The mMIRNAs expression profiles produced are differesomeone showing
stronger level variations in virgin comparing testgion stages, but they all share
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a common characteristic : in the lactation the NARexpression is always low
and during involution is high.

The miRNAs analyzed belonging to the same famikg let-7a, let-7b, let-7c and
miR-26a, miR-26b have highly similar profiles aneéry similar sequences
between them, thus it is probable that they aaileging the same targets.

Among the 10 miRNAs analyzed the profiles moreatale comparing to those of
the let-7 and miR-26 family are those ones of mi$-and of miR-30b and miR-
30d. The different profiles of miR-30b and miR-3@\en if belonging to the
same family and sharing the 80% of the sequencmtriguing and suggests a
potential different target of action.

The identification of the miRNA targets is a diffictask. Than silico prediction
of the possible targets is not sufficient to intkca potential candidate gene, but it
can be useful only to identify a large group (800 genes) of candidates. It is
now (Yoon and De Micheli, 2006) accepted that eadRNAs could have a large
spectrum of mMRNA targets and, vice versa, the igtof an mRNA could be
negatively repressed by a set of different miRNR$e non-univocal mechanism
of action and the redundancy of miRNAs could expldie similarity of the
expression profiles and it could indicate a comntanget for all the miRNAs
analysed, or at least a common task to inhibit @seRNA during the involution
and to release this inhibition during the lactatibm the mammary gland the
endocrine control of some physiological states hed tevelopment it is well
known. The profile of secretion of the prolactirtyictly correlated to the
proliferation and differentiation of epithelial &€l seems to be inversely
associated to the miRNA expression profile, thuggesting a potential target
gene of miRNAs. The activity of estrogen and ofgasterone has some common
features, at least in the first part of the devedeptal cycle till the lactaion, with
the miRNA expression profile and this could suggasmiRNA synergistic
mechanism during the development of mammary gland.

It could be intriguing to identify one or a set nfRNAs which show an
expression profile inversed compared to that onehef miRNAs, during the
mammary gland development, even if in the animaés miRNAs show more
often a mechanism of inhibition of translation dRMAs more than a degradation
of the target mMRNAs (Bartel, 2004), making mordiclilt the observations of a
decrease of mMRNA levels and more probable a dezrgashe corresponding
protein levels. In the mammary gland the genestii@ caseins are highly
expressed during the lactation, as well some itdibiof the prolactin activity,
such as Stat5, are inhibited in the lactation, suggesting a cellular necessity to
control important mechanisms of gene expressi&a,the inactivation of Stat5, in
critical stages of the mammary gland developmeifie Tndividuation of the
MIRNA targets is addressed to genotype-phenotypsoceagion studies in
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transgenic animals. Up to now it is not possiblelitain a knock-out animal for a
specific miRNA, but it is possible to block the gumtion of a set of miRNAs,
blocking the activity of Dicer enzyme (Bernsteinadt, 2003; Murchison et al.,
2005), and over- or under-express a MIRNA usingpeetively, adapted
construction with strong promoters or RNA silencisgecific constructions
(Krutzfeldt, 2006).

V-IV Analysis of organ- or tissue- miRNA specifidy

It was also investigated the potential organ- asdue-specificity of miRNA
expression. Their presence in other 9 mouse orgartsthe tissue-compartment

of their production in the mammary gland was anedyz

The miRNA levels of expression in brain, heantgli lung, muscle, kidney, ovary,
spleen and thymus showed that almost all of thesmat differentially over-expressed
in mammary gland, with the exception of let-&®hich shows the highest expression
in mammary gland.

The tissue-specificity was investigated in ordethve deeper insight about miRNA
expression that could help in the interpretatiotheir profile.

The comparison of let-7c, miR-26a and miR-145 esgion in normal and ‘clear fat
pad’, such as devoid of epithelial tissue, mamnmglands reveals that the miRNA
expression is not specific of the epithelial tissue

The mammary gland accomplish the lactation withil&-secretor epithelial tissue that
characterizes this organ and develops during themey gland cycle passing through
stages of cell proliferation, differentiation, apogs. It was supposed a miRNA
expression in this tissue, and eventually a epahspecific expression, supported from
recent findings about miRNA expression in mous¢hetial mammary cell lines (HC11,
results not published) and from all the evidenoespmt in the literature of cell-
differentiation and tissue-specific miRNA expressioThis hypothesis was not
confirmed. However it is known that miRNAs are masgible of the regulation of
fundamental mechanism like cell-proliferation anffedentiation also acting far from
the molecules that promote directly these phenomekimreover the epithelial tissue
and the stroma are two tissue-compartments thertaicit between each others and there
are many evidences of molecular signals passihgeesm them (Parmar and Cunha,
2004). It is not excluded a miRNA expression inhbot the two tissues.
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V-V Construction of miRNA libraries

Lactation is a late emerging function during evioimt miRNA implication in the
control of such a physiological process could imeothe regulation by evolutionary
conserved miRNA of new genes or alternatively bl- @nd stage-specific miRNA
(Wienholds and Plasterk, 2005) not evolutionary seowed. The existence of new
MIRNA specie-specific, such as primate, was supgddny recent evidences (Bentwich
et al., 2005; Devor, 2006). cDNA cloning permitsitentify this class of miRNAs
specific of an organ or a tissue of interest mtore evoluted species, like mammals.
It was constructed the first cDNA library of mammagland potential miRNAs
following a cloning protocol (Lagos-Quintana et @2003)

64 non-redundant cloned fragments in the librahni&ge a sequence length of 19-25 nt,
typical of miRNAs.

This strategy to isolate miRNAs was validated conmgathe 64 potential miRNAs
with the annotated miRNAs present in the microRN4istry and finding, among them,
let-7b and let-7c, already detected by Northerrt blothe mammary gland. All the
remaining cloned fragments did not identify anyestknown miRNA, even if the a
significant portion showed a sequence similaritytié 50 to the 86% to known
mMiRNAs, most of them belonging to the human and seogenome. The sequence
similarity of most of them to known miRNAs was encaging. Some of them with
similar sequence matched to the same known miRNAitaconfirmed the abundance
of a fragment or a group of similar fragments ia tells, underlying their importance.
The miRNAs which did not match to any known miRNAesre not excluded from the
library of potential miRNAs because they could log-@volutionary conserved miRNAs
typical of the mammary gland.

V-VI Validation of potential miRNA

Following the examples present in the literaturagds-Quintana et al., 2003; Yi et al.,
2005; Xu et al., 2006; Guy et al., 2006; Cumminslet2006) the potential miRNAs
cloned were submitted to amsilico and to a preliminary experimental analysis in order
to identify which ones between them fulfill theteria (Wienholds and Plasterk, 2005)
to be classified as newly identified miRNAs.

Their characterization proceeds mapping the pa@kentiRNAs in the mouse genome.
Only 28% of fragments (18) of the library were megpn the mouse genome, the
others were excluded because their sequence dicbnaspond to any known genomic
sequence.

For the fractions of mapped cloned fragments its waund their chromosome
localizations, the genes where they are hostedlathtragenic localization, in intron
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or exons. In the 80% of cases they are localizethtnons and in some few cases in
exons. This is in agreement with the literaturead@artel, 2004), that show that in
mammals, and in particular in humans, at least50f of miRNAs are localized in
introns. In literature several models have beewrtesd (Hornstein and Shomron, 2006)
based to experimental evidences to interpret tHeRNAs mechanism of expression in
association to the expression of the regulated gemeiRNAs could be coexpressed
with the target gene or the target gene could lieuaxpressed in the tissue where the
MIRNA is specifically activated. MiRNAs are someéismmcoexpressed with the gene to
which they belong from the activity of the samerpater, but this is not an evidence
that their target is the gene in which they aretddsso that it is difficult to give a
precise meaning to their genetic localizationse®@fniRNAs in mammals are localized
in the genome in the same cluster and these miRMAgoexpressed (Lagos-Quintana
et al., 2001; 2002; Lau et al., 2001; Lee et @02 and show similar activity and target,
but in this case any cloned fragment was founduster in the mouse genome.

Among the 18 potential mMiRNAs mapped in the mages@ome 11 showed silico the
presence of at least one characteristic miRNA psecustem-loop secondary structure
in the genomic flanking sequences. For some patemiRNAs localized in more than
one positions in the mouse genome more than oneatymiRNAs precursor was
identified. The set of precursors obtained fromgame potential miRNAS is variable in
sequence, at contrary in the works of Xu et al0@Qt is discussed the presence of 3
copies for a miRNA genear{R-757) in the chicken genome, 2 of which have the same
precursor sequence and structure.

The phylogenetic conservation of the identifiedcprsor sequences was not searched in
other species, while in other studies (Xu et &(0& Cumminis et al., 2006; Guy et al.,
2006) homologous sequences have been found in huwhampanzee, cow, mouse, rat,
dog, chicken, pufferfish and zebrafish genome.hie work of Guy et al. (2006) it is
proposed the existence of a rodent specific clanENA on the basis of the lack of its
sequence conservations in other species, suppotti@gidea that by cloning size
selected RNAs it is possible to isolate new spspiezific miRNAS.

The ‘biogenesis’ and ‘expression’ criteria recergiy forward by Ambros et al. (2003)
for miRNA annotation were fulfilled for some of thd potential miIRNA by examining
their expression in mammary gland. 5 potential miRahalyzed by Northern blot were
expressed and visualized like short transcripts, 4f@f them the expression patterns
during different stages of development of mammaignd was characterized. The
quantification of the level of expression demortstia typical profile for each potential
MiRNAs and variable presence in different stagkas tunderlying a mechanism of
expression regulation and a potential role in txeetbping mammary gland, like it was
verified for the known miRNAs. For 3 potential miRNhe expression is high during
the involution, most of all at the first day, arltlcd them have the lowest expression in
the lactation, thus showing also a similar ‘behavieomparing to the known miRNA

134



found expressed in the mammary gland and confirnihgr reliability like new
mMiRNAs.

The organ-specificity was verified examining thepeession pattern of 3 potential
mMiRNAs in 10 different mouse organs, included thremmary gland : even if it is not
possible to define them mammary-gland specifiey thre over-expressed in mammary
gland comparing to the other organs, with the ettoppof a high expression in the
muscle for one of them.

To further validate these potential miRNA amvitro experiment to over-express the
mMiRNAs, by transfecting its precursor associatedhwa strong promoter, was
performed for 3 of the potential mIRNAs. Prelimiparesults confirmed the
augmentation of the expression in transfected d¢etl2 of them, thus implicating the
activation of part of the miRNA biosynthetic meclsmn, in particular the activity of the
Dicer enzyme, able to cut the precursor afterraadcription from the plasmid, and to
produce the mature form of the cloned miRNA.

V-VII Perspectives

In this work it was verified the expression of som&NAs in normal mouse mammary
gland and their temporal regulated expression ceulzijest a role in the development
of this organ. Their expression was described ialsther organs.

A cDNA library of mammary gland potential miRNA wadsiild and four cloned
potential MiIRNA were validated by identifying theepursor hairpin-like structure and
by verifying experimentally their expression in nmaary gland. Their expression
profile was also characterized at different stagda® mammary gland cycle.

The temporal and spatial characterization of thpression pattern is the first step
towards the understanding of the role of these cubds. The next step towards a better
understanding of the known and new miRNAs functromammary gland could be the
in situ localization of their activity in the different It¢ype of the mammary gland
tissues, like it was recently done in other studi€ay et al., 2006) with the
development of new probes, locked nucleic acid (LNMobes, for the detection of
small size RNA, such as the miRNA.

An eventual miRNA cell-type specific expression Icbkelp in the selection of a set of
candidate target genes both in thirsilico predictions and in experimental studies.
The analysis of the transcriptome and of the proeof the cells in which the miRNAs
are expressed during the developing mammary glaattd adentify the less present
transcript or protein, without the necessity of ttime-consuming production of
transgenic animals and/or Dicer conditional mutaninals.

The validation of other potential miRNAs present tme cDNA library and their
expression characterization could add importanbrin&tion to go deeper in the
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understanding of an eventual common mechanism tdrescwhich all the miRNAs
analyzed seems to share during some stages ofetltdogment of mammary gland.
The characterization of other potential miRNA isourse.

In this work we described the identification of focandidate genes starting from a
miRNA library, thus depicting the mammary glancelik miRNA enriched organ, while
before the attention was focused more on othernstgand only recently (Gu et al.,
2006) the tissue of mouse mammary gland, togetlitertive brain and the mouse eye,
appears to be enriched of expressed miRNAs likdtam, the lung, and the human eye.
However the breast is an interesting subject afystn relation to the appearance of the
cancerous pathologies, being the breast tumor brileeomost frequent cancer in the
woman and one of the most studied. Further undetstg of the synergistic interaction
of the miRNAs with other regulatory pathways of gegxpression in this organ will
lead to more in-depth knowledge on the regulatmh cellular function and
differentiation, as well it can facilitate the déy@ment of clinical applications and of
drugs based on the mechanism of RNA interference.

Currently the study of miRNAs in mouse normal mammgland are proceeding
towards a better understanding of their biologiaattions.

In vitro experiments with epithelial mammary cell linesided from rabbit are aimed
to examine mMIRNA expression in un-differentiatesllx versus differentiated cells,
after the induction of this stage by hormonal statian.

The microinjection technology applied to mice gitie possibility to obtain transgenic
animals expressing or over-expressing a gene arast Currently a lineage of
transgenic mouse over-expressing in the mammamdgiome interesting miRNA
genes, such as the gene for miR-145 or for letufger the action of a strong
mammary-gland specific promoter, is in preparatibime phenotype, the transcriptome
and the proteome of these transgenic mice will uated in search of a-typical
characteristics, differential expressed molecules different set of protein comparing
to normal mice. The same studies will be performmednice bringing a mutated allele
for the Dicer gene, mutation that should interferth the maturation of a large set of
mMiRNAs, producing a global disruption in the miRM#echanism of biosynthesis and
relevant changes at morphological and physiologiealel. The study of the
transcriptome will also profit of the miRNAs specimicroarray now available on the
market.
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Attached 1. Multiple sequence alignment (CLUSTAL W) of the 6fbned inserts
selected on the bases of their nucleotide length.

FLP 40s  eee-- GGCGOCCAAAGGTTCCCTCAGAAG: - - - - - - - 24
LSI-3s e AACGGGCACCCTCACTAAA: - - - - - - 19
Gd43pl e CCCCOGGECCCOGCCCGOGEG - - - - - - - - - 20
Gd43p3 e GGCCOCCACCCCCACGOCCGCE: - - - - - - - - - 22
1 S GCCCOCGGCCGTCCCTCTT- - - - < < - - - - - - 19
G18212 e CTCGGGOCGATCGCACGEEG - - - - - - - - - 19
Gl8n30 e AAACGGCOGCCCATCTC- CGOCAT- - - - - - - - 22
G1836 - TTTTGOCGACTTCCCTTACCTACATT- - < < - - - - - - 26
Gd43p5 e TCACATCGCGTCAACACCCGCG: - - - - - - - - - 22
G1821d e CATCGOGTCAACACCCGOG - - - - - - - - - 19
Gd43p4 e GCACCACCACCCACGGAATGC: - - - - 20
G18302 eeee- AGTCTGGTGCCAGCAGCCGE: - - - - - = - - - - 20
(11 AAGCCTACAGCACCCGGTA: - - - - - - - - 19
LSli7u e AGCTGCGCTGCTCCTGGTAACTGS: - - - 24
Gd43p2 e TTCCACTC- GGCCACCTCGTC- - 20
LSl - 11s - - - - TCGGTCGOGT TACCGCACT GGACGCCTC: - - - - 28
B40GL8s e AAGAGGGACGGCCGGEEEC: - - - - - - - - 19
LSIGl818u  eee--e- TCCGAAGGGACGGGCGATGEG: - - - - - - - - 21
V817 e TATGGAGACAGATGGCAGG: - - - - - - - - 19
G810 e GTCTTGGGAAACGGGGTGE - - - - = - - - - - - 19
LSI115 - - - CBCGGOGT GBGAAATGTGRCGT - - - - - - - - - - - - 22
B30GL8s  eeee-- AATGTAGGTAAGGGAAGTCGGG: - - - - - - - - 22
| 2281 1s - - AGTCAGCGGAGGAAAAGAAACTAAA: - - - - - - - - - 25
@17 - - - - CATTATTAGCTTTTGGTACGCG - - - = - - - - - - 22
Vi1 - - TGAGGTAGTAGGTTGTATGGTT- = - - - == === = - = - 22
G18n273 - - TGAGGTAGTAGGTTGTGTGGTT- - - - = == = == = - - 22
LSl 139u - - TGGGTGGTTCAGTGGTAGAATTCTCGC: - - - - - - - 27
LSIGluS e AGTGGTGGTGGECGOGOREG - - - - - - - - 19
LSI-8s e CGT GGGGGT GGGGEACCGTCAACT - - - - - 23
G812 e AGAGGTCTTGGGGCCTGAAAG - - - - - - 21
111611s e AAGAGGGOGT GAAACCGT TAAGAGGTA- - 27
G18n272 TAAACGGGT GBGGTCOGOGCA: - - - = = = = == = == = - - 21
FLP_22 - AAACGGGTGGGGTCOGCGE: - - - - = = == == = == - - 19
V819 - - AAAGGGTGTGGGTCAGGTTAAAA- - - - - - < - - - - 23
FLP-51 - - - - AGGGTTCGTGTCOCTTCGTGGT- - - < < - - - - - - 22
&3nuo - - - - CCGTGACGGGTCGGGTGRGT - - - - - = = = = = - - - 20
LSl | 26us - - - AAGGGAACGGGCTTGGOGGAAT - - - - < = - - = - - - 22
&@n22 e GGCGGACGGCGEGAGAGEG - - - - - - - 19
G1828 e GGGGGAGGGAGGOGGAGEG - - - - - - - 19
G18242 e TCGGGGEGEECCEE0GECEE0GET: - - - - - - - 23
FLP 26s  eee---- CGGGEGEGEECCEEOGECEECG - - - - - - - - - 20
G871 e GGGGT CGGECACGCGGCAGOGG: - - - - - - - - 21
(s [< CGGGGAGCCCGGEOGT GTGOCGAC: - - - - - - 23
FLP_20s - - - - TCCOGGGGAGCCOGAOGEG: - - - - = < = = = = - - - 19
Gdsp e TTCGGGOCCCGOGE GACACTC: - - - - - - 21
Gl812d e GGGCCCCGCGGOGACACTCAGCT- - - 23
G1814p2 e CGCTTCGGGECCO0GOGG GA - - - < - - - = - - - 19
G1814p1 - - - - ACGACGGG GCOCCGOGERG - - - - = - - = = - - - 19
11201 1s - - - GOCGGOGGGAGT COCGGGBGAGA: - - - - = - - = - - - 22
FLP_33s e GTCCCGCGGEGGOCCGAAGCGTT- - 22
LSI1450  eeea-e- TGAGTGTCCCGOGGGGCC0GAA: - - - - - - 22
AATG18s - - - AGAGCTGGAGGTGTCCOGGTGT - - - - = - - - = - - - 22
G1833 - - GBGTGOGAGAGGTCOCCGRGTTC - - - < - - = = - - - 23
Gl8n13 e GAAAATCCGGGGGAGAGRGT - - - - - - - - 20



1 2101 1s
LSl G182u
LSl 1 11u
V119V8s
FLP_46s
G1831
FLP_31
LSl G636
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