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Genetics. The mendelian inheritance

Gregor Mendel 1865.

Between 1856 and 1863 he tested some
29,000 pea plants (i.e., Pisum sativum).
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The three laws Mendel deduced seem common-sense

now, but were radically new in his day: 8 % ﬁ

1. Law of Paired Factors: Traits come in pairs @ _}‘{_ _}:{_ _}:{_ _}:{_
(alleles), and each parent contributes just one of . 1\ . 1\ / 1\ /'\
the alleles.

2. Law of Dominance: In a pair of genes (genotype), Ve WO VWO ©Ee
one allele will dominate the other and control the @ X @ W)
outward appearance (phenotype). \l/ N | 7/

3. Law of Segregation: Traits are inherited (R) ";.{'“ *';.{"“
independently. | !
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http://en.wikipedia.org/wiki/Mendelian_inheritance

Genetics. Mendel re-discovered

Gregor Mendel 1865. He was cited only 3 times in 35 years!!!

After Charles Darwin (On the Origin of Species, 1859).
Blending inheritance generally accepted.

Saltationism vs Gradulamism.

By 1900, research aimed at finding a successful theory of discontinuous inheritance rather than blending
inheritance led to independent duplication of his work by Hugo de Vries and Carl Correns, and the

rediscovery of Mendel's writings and laws.

Willian Bateson begins to report a series of breeding experiments,
conducted by his pupil, Miss E.R. Saunders, using the alpine
brassica Biscutella laevigata in the Cambridge botanic gardens.

Bateson was the first to suggest the word "genetics”
(from the Greek gennd, yevvw; to give birth) to describe
the study of inheritance and the science of variation in

a personal letter to Alan Sedgwick, dated April 18, 1905.



http://en.wikipedia.org/wiki/Mendelian_inheritance

Garrod. Human genetics.

Carad, Archabald B 1902, The Incadence of Alkapion-

wna: A Stedy = Chemacal [ndinsduality. Lamcer, wol. i,

P 160618000

THE INCIDENCE OF ALKAPTONURIAS
A STUDY IN CHEMICAL INDIVIDUALITY

ARCHIEALD E, CraRROD

Physician to the Hospital for Sick Children, Great Ormoadstreet,
Demonstrator of Chembeal Pathalogy at 51 Banbolemew's Hospiial

1898, a woman brought her newborn baby to his
clinic. It seemed healthy, but she had noticed that its
diapers turned an alarming black.

Garrod identified the condition as alkaptonuria, an
exceedingly rare and essentially harmless condition
believed at the time to be caused by a microbe.

Garrod collected all the cases he could, mapped out
pedigrees, and published a short note on it,
suggesting that the high frequency within the
families of his study could hardly be due to chance.

Bateson read his paper and collaborated with him.

Alkaptonuria was the frst human condition
defined as a mendelian trait.

“There are good reasons for thinking that alkaptonuria is not the manifestation of a
disease but is rather of the nature of an alternative course of metabolism, harmless
and usually congenital and lifelong.”



Garrod. Human genetics.

INBORN ERRORS OF
METABOLISM

The Croonian Lectures delivered before
the Royal College of Physicians
of London, in June, 1908

By
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Garrod’s Tetrad:

e Alkaptonuria
e Cystinuria

* Pentosuria
e Albinism

personal examination. However, one point which

stands out clearly is the remarkable similarity of
the modes of incidence of alkaptonuria and albin-

1E|:|1I which ELIEE:E-IE that the manifestation of both

Egvamﬁd by the same laws. Both are apt to
oceur in several brothers and sisters of a family
whose parents do not exhibit the anomaly, and
direct transmission of either from parent to child

is very rare. It has been repeatedly stated that
a considerable proportion of human albinos are

the offspring of consanguineous marriages. Thus




Garrod. Human genetics.

Recessive inheritance
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Human Molecular Genetics.

Timeline | DNA milestones

FlavrSanT
Hertable Semi-conservative First genome | | Successiul tomato Draft human
material found DMA rephcation sequenced gene commercially | | genome
to be LINA shicwn (FX174) thexrapy availabie released

944 1953 1958 1966 1977 1980 1983 1990 1995 1994 1996 2001

DNA double Genetic Sequenging [ | PCK Haemaophilus | | 'Dolly’ cloned
helix structure | | cijde methods deveioped influenzae
descnbed Cracked published sequenced

Walker 1942 WWS Chung and Morton 1959 LGMD

Fukuyama 1960 FCMD

Raitta et al 1978 MEB

Warburg 1978 WWS




Congenital Muscular Dystrophies

Ohe gene, one syndrome clogina

Congenital muscular dystrophy

Normal CNS Abnormal CNS

Abnormal eye

myopia retinal
dysplasia
MDC1C/1D Fukuyama CMD muscle-eye-brain Walker-Warburg
(FCMD) (MEB) (WWS)

clinical severity

Tobias Willer (adapted from Yoshioka et al, 1997)



Mutations identification.

ons?

lo we identify the mutati
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The Human Genome.

3.2 billion base pairs long and
contains about 23,000 distinct
protein-coding genes.

Only 1.5% of h BN B8 sE mm
condZs for ;ro’rgrr\\? Jereme § E EE EE EE aé EE EE EE
the rest consists of:

The haploid human genome is E E

n

16 17 18

+ non-coding RNA genes, EEEE;E%EEEE
* regulatory sequences,
 introns,

and noncoding DNA (once known as " junk DNA").



Causative Gene Identification.

Candidate gene ' |dentification of the ' Map the region
approach Human Gene that contains it
FKRP Mutated Fukutin
POMGNT1 POMGNT1
POMT1
LARGE
POMT?2
dystroglycan
Limb-Girdle MD Fukuyama CMD || Muscle-Eye-Brain
LGMD HEEL gD FCMD MEB

clinical severity




Recombination and positional cloning.

But.... how d@ we find them??2?2?

Unﬂﬂ&ntﬂd Unaffectad
carrier = carrier
father moather

] LEGEND
| !
| RE{:EEEIUE DOMINANT

T f

Unaffected child Unaffected Unaffected Affectad child
carrier child carrier child

FWW‘IHHEH Education and Research. All rights reserved.



Recombination.

e find them??2?2?2
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Let’s play a game:

ca
-

Consanguineous family
Recombination
Positional cloning
polymorphisms

ow X

Gametes

T e e e (S e e T

] o m

x|

W

Crossing-over and recombination during meiosis



Positional cloning.

I I IH Recessive mutation
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Positional cloning.

They are polymorphisms
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Positional cloning.
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GATA163E04 ifl 2 12 12 1t i it 12
GATA27B07 21 1 21 21 2| 1 20l 21
GGAA16D02 1l5 5 111 s|s 1ls 11
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BBS11 pedigree and shared haplotype.
Chiang A P et al. PNAS 2006;103:6287-6292



FCMD and Fukutin

@ 151983 Nature Publishing Group httpe/fwww.nature.com/naturegenetics

article

Localization of a gene for
Fukuyama type congenital

muscular dystrophy to
chromosome 9g31-33

T. Toda'?, M. Segawa’, Y. Nomura®, . Nonaka®, K. Masuda®, T. Ishihara®, M. Suzuki’,
1. Tomita®, Y. Origuchi®, K. Ohno'®, N. Misugi", Y. Sasaki®, K. Takada", M. Kawai",
K. Otani'®, T, Murakami®, K. Saito”, Y. Fukuyama"’, T. Shimizu", I. Kanazawa® &

Y. Nakamura'
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Fig. 2 Pedigreas of 21 FCMD families showing dissase status end sagregation
af the twe closest markers, D8SS5E (fop) and DASSS (bottomy). Alleles for D9SES
are: A, 147 bp; B, 145 bp; ©, 143 b O, 137 b E. 135 bp F, 133 bp; G, 131
bip; M, 129 b |, 127 bp; J, 126 bp; K, 123 bp: L, 121 bei M, 119 b N, 117 b
O, 195 bp. Allalea for 08353 are: 1, 116 bp; 2, 114 b 3, 112 bp, 4, 96 by,
Solid symbaols, affected subjects; slash, subject deceased, *, Second-cousin
marriage; #, first end halt-CoLsin marriages; alhar mnsanguineuus MarAges are
first-cousins.
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More than 500 genes

D9s29

D9ss8
D9S59
HXB

GSN
D9560

7.7cM

2.4cM

Am, |, Hum. Genet. 59:1313-1320, 1996

Linkage-Disequilibrium Mapping Narrows the Fukuyama-Type
Congenital Muscular Dystrophy (FCMD) Candidate Region

to <100 kb

Tatsushi Toda,' Masashi Miyake,' Kazuhiro Kobayashl, Kunihiko Mizuno,' Kayoko Saito,

Makiko Osawa,* Yusuke Nakamura,® Ichiro Kanazawa,’ Yasuo Nakagome,
Katsushi Tokunaga,' and Yutaka Nakahori'
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Departments of "Human Genetics and ‘Neurology, University of Tokyo, and 'Laboratory of Molecular Medicine, Institute of Medical
Science, University of Tokyo, and *Department of Pediatrics, Tokyo Women's Medical College, Tokyo
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FCMD and Fukutin

1998. Nature, 394:388-392.

An ancient retrotransposal
insertion causes
Fukuyama-type congenital
muscular dystrophy

Kazuhiro Kobayashi* ', Yutaka Nakahori:, Masashi Miyake!,
Kiichiro Matsumuras, Erl Kondo-lida®|, Yoshiko Nomuras,
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Causative Gene Identification.

Map the region
that contains it

Candidate gene Identification of the
approafh ) Human Gene a
Mutated Fukutin
Fukutin
Al 1A (D Fukuyama CMD ||Muscle-Eye-Brain
LGMD MDC1C/1D i ea

clinical severity



FKRP and CMD1D/LGMD

Am. [ Hum. Genee. 63:1198-1208, 2001

Mutations in the Fukutin-Related Protein Gene (FKRP) Cause a Form of
Congenital Muscular Dystrophy with Secondary Laminin «2 Deficiency
and Abnormal Glycosylation of «-Dystroglycan

Martin Brockington,”” Derek 1. Blake,*” Paola Prandini,’ Susan C. Brown,' Silvia Torelli,*

Matthew A. Benson,” Chris P. Ponting,” Brigitte Estournet,® Norma B. Romero,®
Eugenio Mercuri,” Thomas Voit,” Caraline A. Sewry,"” Pascale Guicheney® and

Francesco Muntoni'
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ARTICLE

Human Molecular Genetics, 2000, Vol 10, No. 25 2851-2859

Mutations in the fukutin-related protein gene (FKRP)
identify limb girdle muscular dystrophy 2l as a milder
allelic variant of congenital muscular dystrophy MDC1C

Martin Brockington', Yeliz Yuval, Paola Prandini?, Susan C. Brown?', Silvia Torelli',
Matthew A. Benson?, Ralf Herrmann®, Louise V.B. Anderson®, Rumaisa Bashirg,
Jean-Marc Burgunder’, Shari Fallet?, Norma Romero®, Michel Fardeau®, Volker Straub®,
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Thomas Voit?, Derek J. Blake® and Francesco Muntoni'*
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Causative Gene Identification.

Map the region
that contains it

Candidate gene Identification of the
approafh ) Human Gene a
FKRP Mutated Fukutin
FKRP Fukutin
Limb-Girdle MD Fukuyama CMD || Muscle-Eye-Brain
LGMD MDC1C/1D e ea

clinical severity



POMGNTI and MER
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POMGNTI and MER

Diovalopmental Call, Vol. 1, 717-724, Novambar, 2001, Copyright 22001 by Call Prass

Muscular Dystrophy and Neuronal Migration
Disorder Caused by Mutations
in a Glycosyltransferase, POMGnT1

Aruto Yoshida,'* Kazuhiro Kobayashi Introduction

Hiroshi Manya.” Kiyomi Taniguchi,’ Hiroki Kano,®

Mamoru Mizuno,' Toshiyuki Inazu,? Since the discovery of the Duchenne muscular dystro-
Hideyo Mitsuhashi.! Seiichiro Takahashi, phy gene product dystrophin [Hofiman et al., 1987),
Makoto Tekeuchi,” Ralf Herrmann,* many studies have focused on understanding the patho-
Wolker Straub.® Beril Talim,* Thomas Voit,* physiology of muscular dystrophies and on developing
Haluk Topaloglu,” Tatsushi Toda, ¢ therapeutic approaches. Dystroglycan is a component
and Tamao Endo™® ™ of the dystrophin-glycoprotein-complex (DGEC) in skele-
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Causative Gene Identification.

One Eene = One Syndreme Degina
One Syndrome - One eehe Deogima

Map the region
that contains it

Candidate sene Identification of the
approacgh ) Human Gene a
FKRP Mutated Fukutin
POMGNT1 POMGNT1
FKRP Fukutin POMGNT1
Limb-Girdle MD Fukuyama CMD ||Muscle-Eye-Brain
LGMD MDC1C/1D e ea

clinical severity




Mutations in the O-Mannosyltransferase Gene POMTT1 Give Rise

to the Severe Neuronal Migration Disorder Walker-Warburg Syndrome
Daniel Beltrdn-Valero de Bernabé,' Sophie Currier,” Alice Steinbrecher,** Jacopo Celli,’
Ellen van Beusekom,' Bert van der Zwaag,® Hiilya Kayserili,® Luciano Merlini,”

David Chitayat,® William B. Dobyns,” Bru Cormand,'® Ana-Elina Lehesjoki," Jesds Cruces,'
Thomas Voit,” Christopher A. Walsh,” Hans van Bokhoven," and Han G. Brunner'
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Causative Gene Identification.

One Syndrome - One Gehe Degma — WRONGI!
One Eene = One Syhelrome Degima 272

Map the region
that contains it

Candidate gene Identification of the
approacgh ) Human Gene a
FKRP Mutated Fukutin
POMGNT1 POMGNT1
POMT1
FKRP Fukutin POMGNT1
Limb-Girdle MD Fukuyama CMD || Muscle-Eye-Brain
LGMD MDC1C/1D e ea

POMT1
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POMT2 and WWS

ORIGINAL ARTICLE

POMT2 mutations cause ao-dystroglycan
hypoglycosylation and Walker-Warburg syndrome

Jvan Reeuwijk, M Janssen, C van den Elzen, D Beliran-Valero de Bernabé, P Sabatelli,
L Merlini, M Boon, H Scheffer, M Brockington, F Muntoni, M A Huynen, A Verrips, A4St
C A Walsh, P G Barth, H G Brunner, H van Bokhoven \-‘/‘.UNE

J Med Genet 2005;42:907-912. doi: 10.1136/jmg.2005.031963
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Causative Gene Identification.

Map the region
that contains it

Candidate gene Identification of the
approacgh ) Human Gene a
FKRP Mutated Fukutin
POMGNT1 POMGNT1
POMT1
POMT2
FKRP Fukutin POMGNT1
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LARGE and MDC1D
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Causative Gene Identification.
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The common link. Dystroglycan glycosylation.

Post-translational disruption of a p-DG Clycosylated 0-DG___ Core n-DG
- - - APB3 1IH6 VIA41 GT20ADG

dystroglycan-ligand interactions s REY(TE ey,

in congenital muscular dystrophies e B

Daniel E. Michele*, Rita Barresi®, Motoi Kanagawa~, Fumiaki Saito~,
Ronald D. Cohn~, Jakoh S. Satz*, James Dollar+, Ichizo Nishinoi,
Richard I. Kelleys, Hannu Somer||, Volker Straub~,

Katherine D. MathewsY, Steven A. Moore# & Kevin P. Campbell*

MEB

kD wi het myd kD wit het myd

21— _
. . - - -
118— 18—

s
A7
7
] 5
& ]
o
= o g
] £

b IIH6E GT20ADG ¢ [IH6 GT20ADG

AP83 glyc.  core AP83  glyc.  core
p-0G ow-DG oDG -0G  o-DG  o-DG
a-DG (VIA4,) a-DG (polyclonal) CM CM CM CF CF CF
M, (K) M, (K)
brain diaphragm heart 224=
200— »
kD wt myd wt  myd wt myd . ' -
122=
207 — 99 — . gjm -
71— |-
. . - 5| 1= | e
118 — . 25— 35=
81 —

a-DG (VIA4,)



Dystroglycan function
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Loss of a-Dystroglycan functional glycosylation results
In congenital muscular dystrophy

Normal Walker-Warburg syndrome (WWS)
Muscle-eye-brain disease (MEB)
Fukuyama congenital muscular dystrophy (FCMD)
MDC1C/1D
Limb girdle muscular dystrophy (LGMD)2I/2K/2M/2N

Figure generated by Tobias Willer Large™“ mouse



Dystroglycan and LGMD
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Causative Gene Identification.

Map the region
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Phenotype / Genotype spectrum in
Dystroglycanopathy patients

One Syndrome - One Eene Deogima — WRONGIE
One Gene = One Syndrome Deogima 27
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A homozygous nonsense mutation in the Fukutin gene
causes a Walker-Warburg syndrome phenotype

D Beltran-Valero de Bernabé, H van Bokhoven, E van Beusekom, W Van den Akker, S Kant,
W B Dobyns, B Cormand, S Currier, B Hamel, B Talim, H Topaloglu, H G Brunner

1 Med Genet 2003;40:845-848

Hum Genet (2007) 121:685-690
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Hans van Bokhoven - Thomas Voit

ELECTRONIC LETTER

Mutations in the FKRP gene can cause muscle-eye-brain
disease and Walker-Warburg syndrome

D Beliran-Valero de Bernabé, T Voit, C Longman, A Steinbrecher, V Straub, Y Yuva, R Herrmann,
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Phenotype / Genotype spectrum in
Dystroglycanopathy patients

Figure generated by Tobias Willer
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Walker-Warburg syndrome genes

6 known genes causing WWS:

« POMT1 (9q34.1) g :j >
« POMT2 (14q24.3) e Lt ¢ 1 |
- POMGNT1 (1p34.1) fz 29 ¢ I' } /
* FKRP (19q13.32) FER £ M7 l,
e Fukutin (9931) ‘g: : z ‘l'
« LARGEL1 (22q12.3) £ ] l’

0

» dystroglycan (3p21.31)
* ISPD (7p21.2)

Until 2012 only 50% of dystroglycanopathy patients can be explained with known genes and can

be provided with genetic diagnosis.
Preliminary linkage data suggest ~ 5 additional candidate genes that still remain unidentified.

Figure generated by Tobias Willer



Classification of Congenital Muscular
Dystrophy with Glycosylation Defects

Phenotype

Walker-
Warburg
syndrome
(WWS)

Muscle-eye-
brain (MEB)
disease

Fukuyama CMD

(FCMD)

Intermediate
phenotypes
(MDC1D, CRB-
CMD)

CMD with
intellectual
disability
CMD no
intellectual
disability
(MDC10C)

Findings

Motor Function

Absent
psychomotor
acquisitions

Ambulation may
be acquired

Ambulation may
be acquired

Ambulation may
be acquired

Ambulation may
be acquired

Ambulation may
be acquired

Eye

Severe !

Common 2

Variable / mild

Rare / mild

Rare / mild

None / mild

Central Nervous System

Cortex

Cobblestone
lissencephaly

Frontoparietal

pachygyria;
polymicrogyria

Variable (from
normal or only
simplification of
gyri to severe)

Variable

None

None

Cerebellum

Very hypoplastic

Vermis
hypoplasia, cyst,
dysplastic

Hypoplasia,
cysts,
polymicrogyria

Variable

None

None

Brain Stem

Severely
hypoplastic

Usually
hypoplastic

Usually normal

Variable

None

None

Hydro-cephalus

Constant

Common

Rare

Variable

None

None

Intellectual
Disability /
Epilepsy

Severe

Severe
intellectual
disability;
refractory
epilepsy;
behavioral
problems

Moderate

Mild to moderate

Mild to moderate

None

From Sparks et al. Gene Reviews 2012
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