


| "#$
%&




meiosis

germ entry
cells I
Foxi2
gonadal
soma

Sry




PPARGCIA
NR5A2

CCL

BCL2Al CH25H
IER3 IER3 STAR
INFAIP3  ppsRGClA
mﬂiﬂ“i f f ;f 3 MnSOD — Cholesterol
procesal:l(l;avu(l):ﬁon;) Y.ouE romegstas
Apoptosis<>ROS detoxification Aromatase
—— l

Impact on ovarian ageing? Estradiol




3 & 4

6= 0




y




Copyright © 1989 by the Genetics Society of America

Mapping Mendelian Factors Underlying Quantitative Traits
Using RFLP Linkage Maps

Eric S. Lander,*™* and David Botstein®*

0 *Whitehead Insti ff r Biomedical Research, Cambndge, Massachusetts 02142 THar-mrd University, Cambridge, M. husett:
O 02138, quwlnfy tts of Technology, C , M h 02139,
and *Genentech, South San Francisco, Cal;fomta 94080

Manuscript received August 2, 1988
Accepted for publication October 6, 1988

ABSTRACT
9 ’) ? The advent of complete genetic linkage maps consisting of codominant DNA markers [typically
L] . restriction fragment length polymorphisms (RFLPs)] has stimulated interest m the syslemauc genetic

dissection of discrete Mendelian factors underlying q ive traits in experi or We
describe here a set of analytical methods that mod:fy and extend the classical theory for mapping
such quantltatwe lrall Iocn (QTLs). These include: (i) a method of identifying promising crosses for
QTL g by g a classical formula of SEwALL WRIGHT; (ii) a method (interval mapping)
1 for explomng thc full power of RELP linkage maps by adapting the approach of LOD score analysis
0 used in human ics, to obtain of the genetic location and phenolyplc effect of
/0 QTLs; and (jii) a method (selective genotyping) that allows a substantial reduction in the number of
progeny that need to be scored with the DNA markers. In addition to the exposition of the methods,
1 explicit graphs are provided that allow experimental geneticists to estimate, in any particular case,
the number of progeny required to map QTLs underlying a quantitative trait.
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Summary

We report the construction of a linkage map of the hu-
man genome, based on the pattern of inheritance of
403 poly loci, i 393 RFLPs, in a panel
of DNAs fwm 21 three-generation families. By a com-

ysis and P'vysl-
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inheritance. Over the next 75 years, complete genetic link-
age maps proved to be essential tools for studying the
properties of mutations. Genetic markers gained new im-
portance with the advent of recombinant DNA, since
cloned markers provide starting points for cloning closely
linked genes by chromosomal walking (Bender et al.,
1983). Unfortunately, the construction of complete genetic
linkage maps has traditionally required the isolation of
hundreds of single-gene mutations with easily scored
phenotypes, followed by extensive interbreeding of mu-
tant stocks to ascertain the map position of the mutations.
Such an effort has only been practical in a few intensively
studied genetic systems, such as Escherichia coli, Sac-
charomyces cerevisiae, Drosophila melanogaster, Cae-
norhabditis elegans, Zea mays, and Mus musculus. in hu-
mans, despite great interest and occasional successes
in detecting linkage (e.g., Mohr, 1954), construction of a
genetic map seemed impractical.

Several years ago, Botstein et al. (1980) argued that it
was feasible to construct a complete linkage map of the
human genome using common variations in DNA se-
quence, most conveniently visualized as restriction frag-
ment length polymorphisms (RFLPs), as genetic markers.
With such polymorphisms as markers, geneticists could
study inheritance in existing pedigrees, since all individu-
als would be heterozygous at many loci.

ing has that RFLPs are not
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Identification of the Cystic Fibrosis Gene:
Cloning and Characterization of
Complementary DNA

Jonn R. RIORDAN, JOHANNA M. ROMMENS, BAT-sHEVA KEREM, NOA ALON,
RiCHARD ROZMAHEL,ZBYSZKO GRZELCZAK, JULIAN ZIELENSKI, SI LOK,
NaTasa Pravsic, Jia-Ling CHou, MrTcHELL L. DRUMM, MICHAEL C. [ANNUZZI,
Francrs S. Corrins, Lap-CHEE Tsul

isolation of polypeptide components of an epithelial chloride chan-

Overlapping complementary DNA clones were isolated
from epithelial cell libraries with a genomic DNA seg-
ment containing a portion of the putative cystic fibrosis
(CF) lucus> wlnr.h is on chromosome 7. Transcnpts,

nel thar mediates conductance (6), their relation to the kinase-
activated pathway and CF has yet to be established, and the basic
biochemical defect in CF remains unknown.

Molecular cloning experiments have permitted the isolation of a

in size, were
in the tissues aﬂ'ccud in patients with CF. The predicted
protein consists of two similar motifs, ecach with (i) a
domain having properties consistent with membrane as-

sociation and (i) a domain believed to be involved in ATP
(adenosine triphosphatc) binding. A delction of three
base pairs that results in the omission of a phenylalanine
residue at the center of the first predicted nucleotide-
binding domain was detected in CF patients.

large, i segment of DNA spanning at least four tran-
scribed scquences from a region thought to contain the CF locus
7). These sequences were initially identificd on the basis of their
ability to detect conserved sequences in other animal species. by
DNA idization and were by RNA
hybridization cxperiments, cDNA isolation, and dircct DNA sc-
quence analysis (7). Three of the transcribed regions were excluded
from being the CF locus by earlier genetic or DNA sequence
analyses (7, 8). The fourth one, as shown by genetic analysis (9) and
DNA scquencing analysis presented below, corresponds to a por-

Chromosomal Region of the Cystic Fibrosis
Gene in Yeast Artificial Chromosomes:
A Model for Human Genome Mapping

ERric D. GREEN AND MAYNARD V. OLSON

A general strategy for cloning and mapping regions
s Mmm large

I of human DNA with
H E (YAC’s)udcsmhed‘Itrdneannth:mnfﬂle lymerase
- chain reaction to detect DNA landmarks sequence-

ug%:ldulm(s'l's’s) w:fﬂun YAC clones. lem:thmiwu
xcymcﬁbmsu(CF)gm: TlnnyYACermfromﬂm
region were and a contig map that spans more
ﬁ:n 1,500,000 base pairs was assembled. I.tld.lﬂdlll]du
YAC?s as large as 790 kilobase pairs and containing
entire CF gene were constructed in vivo by meiotic
recombination in yeast between pairs of overlapping
YAC’s.

tagged sites (STS's), a class of landmarks advocated as the natural
“common language” of physical mapping projects (9).

Tsolation of YAC clones from the cystic fibrosis region. An
STS consists of a short, single-copy DNA sequence that can be
detected by using the polymerase chain reaction (PCR) (9). A given
region of human DNA can be mapped by determining the order of a
series of STS’s and measuring the distances between them (Fig. 1A).
YAC-based “STS-content mapping” involves screening by PCR o
detect the clones that contain particular STS’s (10, 11) and then
using the presence or absence of additional STS’s to define the
ovetlap relations among the YAC's (Fig. 1B).

The cystic fibrosis (CF) region of human chromosome 7 has been
intensively studied. The CF locus was localized by genetic studies to

1.0 Mbupun berween the markers KM. 19 and

the approxima
J3.11.(12, 13). Molccular were then used to identify the
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Highly effective SNP-based association mapping and
management of recessive defects in livestock

Carole Charlier', Wouter Coppieters!, Frédéric Rollin, Daniel Desmecht®, Jorgen S Agerholm?,

Nadine Cambisano', Eloisa Carta®, Sabrina Dardano®, Marc Dive, Corinne Fasquelle!, Jean-Claude Frennet,
Roger Hanset'!!, Xavier Hubin?, Claus Jorgensen®, Latifa Karim', Matthew Kent®, Kirsten Harvey®,

Brian R Pearce®, Patricia Simon', Nico Tama', Haisheng Nie''?, S¢bastien Vandeputte?, Sighjorn Lien®,
Maria Longeri®, Merete Fredholm®, Robert | Harvey® & Michel Georges!

The widespread use of elite sires by means of artificial
i ination in livestock breeding leads to the frequent
emergence of recessive genetic defects, which cause significant
economic and animal welfare concerns. Here we show that
the availability of genome-wide, high-density SNP panels,
combined with the typical structure of livestock populations,
markedly accelerates the positional identification of genes and
mutations that cause inherited defects. We report the finescale
mapping of five recessive disorders in cattle and the molecular
basis for three of these: congenital muscular dystony (CMD)
types 1 and 2 in Belgian Blue cattle and ichthyosis fetalis in
Italian Chianina cattle. Identification of these causative

tations has an i diate translation into breeding practice,
allowing marker assisted selection against the defects through
avoidance of at-risk matings.

Livestock productivity has improved remarkably over the last 50 years,
to a large extent because of efficient breeding programs rooted in

Table 1 Overview of mapping studies

deficiency affected ~0.2% of newborn calves, at an estimated annual
cost in the United States of §5 million®. More reently, ~25% of
Holstein-Friedan bulls were estimated to be carriers of a missense
mutation in the gene encoding the Golgi UDP-N-acetylglumsamine
transporter  SLC35A3, causing complex vertebral malformation
(CVM)*. Genealogical studies determined that both genetic defects
were likely disseminated in the population by a founder sire of the
modern Holstein-Friesian breed: Carlin-M Ivanhoe Bell*#, It is crucial
that the breading industry implement effective strategies to control
such outbreaks. A path toward that goal is to establish surveillance
centers to detect emerging defects and centralize samples of affected
animals that can then be used to map and identify causal mutations,
The ensuing diagnostic markers could then be used to avoid
at-risk matings.

Toward that goal, we wllected samples from affected animals for
five emerging defeds in four catle breeds: congenital muscular
dystonia 1 (CMDI1), congenital muscular dystonia 2 (CMD2) and
crooked tail syndrome (CTS) in Belgian Blue cattle, renal lipofusi-

Population Mapping
Defect Breed Cases? Controls? Log(1/p)b Chrorm. Interval Gene
Congenital muscular dystonia 1 (CMD1) Belgian Blue 12 (81) 14 (2,000} = 4¢ 25 2.12 Mb ATPAZAL
Congenital muscular dystonia 2 (CMD2) Belgian Blue 7(21) 24 (2,000) = 4¢ 29 3.61 Mb SLCRAS
Ichthyosis fetalis (IF) Chianina 3(3) 9 (96) 3.30d 2 11.78 Mb ABCA12
Crooked tail syndrome (CTS) Belgian Blue 8 (36) 14 (2,000} = 4¢ 19 2.42 Mb -
Renal lipofuscinesis (RL) Holstein Friesian Danish Red 6(16) 6 (27) 24 (141) 14 = 4¢ 17 0.87 Mb -

aNumbers correspond to sample sizes used to perform the genome-wide scan, whereas the numbers in brackets correspond to the total number of samples available. bHighe-st genome-wide log(1/p)
value obtained using either ASSHOM® or ASSISTY. -, gene not known.
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Physical map of rodent quantitative trait loci (QTL

Schmidt, C. et al. Physiol. Genomics 34: 42-53 2008 ;
doi:10.1152/physiolgenomics.00267.2007

Copyright ©2008 American Physiological Society

) for diabetes-related traits

*blood glucose levels (G)
scirculating insulin levels (1)

glucose tolerance (GT)
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Meuwissen, T. H. E. et al. Genetics 2002;161:373-37 9
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*Une force du modele murin: homozygotie = homogenéité, reproductibilite
«Cette force est une faiblesse: il faut introduire de la variabilité pour faire de la génétique
*Quid de 'acces au déséquilibre de liaison?
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*Un stock fondé a partir de 8 lignées de souris élevées pendant 50 générations
«101 phenotypes analyses sur 1904 souris et 298 parents
*13594 SNPs genotypés




Cartographie fine: 42 SNP génotypeés sur 729 souris



l

La complémentation fonctionnelle permet d’identifier le gene Rgs2 comme
déterminant le phénotype
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Pas de sélection Sélectionnable quand
si I'environnement « suffit » I'environnement devient limitant
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*Chez 'Homme: pathologie idiopathique extrémement complexe: le Retard de
Croissance Intra-Utérin

*Chez le rat: pathologie induite par restriction protéique appliquée aux femelles
gestantes

*Puces d’expression NImbleGen chez le rat (tissu = placenta)
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