* DNA replikace a oprava DNA jsou zakladnimi kroky k uchovani genetické
informace a zabezpecCeni pfenosu genetické informace.

» Geny na témze chromozomu by se mely dédit spoleCné (jsou soucasti téze
struktury) — genova vazba.

« Genova vazba neni absolutni — geny na témze chromozomu se mohou v prubéhu
meidzy od sebe oddélit a mohou se vytvofit nové kombinace genlu — rekombinace
— evoluce a oprava DNA.
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THE HOLLIDAY MODEL FOR HOMOLOGOUS
RECOMBINATION

Single-strand nicks are introduced at the same

position on both parental molecules. The nicked
strands then exchange by complementary base
pairing, and ligation produces a crossed-strand

intermediate called a Holliday junction.
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INITIATION OF RECOMBINATION BY NICKING ONLY
ONE PARENTAL MOLECULE

The nicked DNA strand invades the other parental
molecule by homologous base pairing, thereby
displacing a single-stranded loop of DNA. This loop is
then cleaved and pairs with the first parental molecule,
yielding a crossed-strand Holliday junction.
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ISOMERIZATION AND
RESOLUTION OF HOLLIDAY
JUNCTIONS

Holliday junctions are resolved by
cutting and rejoining of the crossed
strands. Two rotations of the
crossed-strand molecule, however,
produce an isomer in which the
unbroken parental strands, rather
than the initially nicked strands, are
crossed. Cutting and rejoining of the
crossed strands of this isomer yield
progeny that are recombinant
heteroduplexes.
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Gene conversion is an event in DNA genetic recombination. It is a process by
which DNA sequence information is transferred from one DNA helix (which remains
unchanged) to another DNA helix, whose sequence is altered.

» Efficient gene conversion generally requires homology between interacting
sequences, the homology between the interacting sequences is always >92% and
usually >95%.
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* The double-strand break (DSB); 3' ssDNA
tails; the tails actively ‘scan’ the genome for
homologous sequences, and one tail
invades the homologous DNA duplex
forming a D-loop, which is then extended by
DNA synthesis.

» Synthesis-dependent strand annealing
(SDSA) model: the invading strand and the
newly synthesized DNA are displaced from
the template and anneal to the other 3’ end
of the DSB, leading to the formation of only
gene-conversion events.

» The other 3' end of the DSB is captured,
and DNA synthesis and ligation of nicks
lead to the formation of double HJs. The
Bloom syndrome protein (BLM),
topoisomerase llla and BLM-associated
protein BLAP75 act together to remove the
double HJs via convergent branch
migration (indicated by dotted arrows at
both HJs) leading exclusively to gene
conversion. In DSBR, the resolution of the
double HJs by an HJ resolvase is predicted
to generate an equal number of non-
crossover and crossover events.

nature reviews | genetics volume 8 |
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* Gene-conversion events have been implicated as the molecular
cause of an increasing number of human inherited diseases.

» Pathogenic gene conversion - the transfer of genetic information from
non-functional pseudogenes to their closely related functional genes.
* Events in which pseudogenes have acted as donors resulted in the
functional loss of the acceptor genes through the introduction of
frameshifting, aberrant splicing, nonsense mutations, deleterious missense
mutations and so on.
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Overview of the C4/CYP21 area, showing two RCCX modules as found on most
chromosomes. TNXB is the full-size 68 kb gene for tenascin-X, TNXA (shown as a
hatched box; also known as XA) is a truncated pseudogene of 5.7 kb that lacks most
of the coding sequence of TNXB and has a deletion of 120 bp (indicated by the
small triangle) spanning an exon—intron boundary. CYP21A2 (also known as
CYP21B) is the active steroid 21-hydroxylase gene; CYP21A1P (shown in black;
also known as CYP21A) is a full-size pseudogene containing several deleterious
mutations throughout its sequence, including three in-phase stop codons. The C4
genes express variants of the fourth component of complement with different
affinities, known as C4A and C4B. The arrangement with C4A in the telomeric and
C4B in the centromeric module is common, but the specificity of the C4 genes
cannot be determined by means of the restriction sites shown, and many alternative
arrangements have been described in the literature. About three-quarters of all
RCCX modules are ‘long’ (33 kb in size); the others are ‘short’ (27 kb). The
difference depends on the presence or absence of an endogenous retroviral
sequence in one of the introns of the C4 gene. The arrows show the orientation of
transcription; there is an overlap between the 3’ sections of the oppositely
transcribed genes TNXB and CYP21A2, and of TNXA and CYP21A1P, respectively.
Bottom: characteristic Tagl and Bglll restriction fragments. Top: scale in kb, with the
centromeric RCCX duplication boundary at 0.

Hum. Mol. Genet. (2002) 11 (21): 2581-2590.



Table 1 | Interlocus gene-conversion events that cause human inherited disease* (part 1)

Disease/phenotype

Atypical haemolytic
uraemic syndrome

Congenital adrenal
hyperplasia

Syndrome of
corticosterone
methyloxidase Il
deficiency

Increased 18-
hydroxycortisol
production

Autosomal dominant
cataract

Meural tube defects

Gaucher disease

Short stature

Mild microcytosis

Hereditary persistence
of fetal haemoglobin

Agammaglobulinaemia

Chronic granulomatous
disease

Blue cone
monochromacy

Autosomal dominant
polycystic kidney
disease

Chronic pancreatitis

Donor
gene*

CFHR1%

CYP21A1P

CYP11B1%¥

CYP11B1%

CRYBP1

FOLR1P

GBAP

GH 7%

HBB
HBG2%

IGLL3

NCF1B or
NCF1C

OPN1MWS

7H

PRSS2%

Acceptor
gene

CFH

CYP21A2

CYP11B2

CYP11B2

CRYBB2Z

FOLR1

GBA

GH1

HBD
HBG1

IGLL1
NCF1

OPN1LW

PKD1

PRS51

Chromosomal
localization

1q32

6p21.3

8q21—q22

8q21—q22

22q11.2—q12.1

11q13.3—q14.1

1921

17q22—q24

11p15.5
11p15.5

22q11.23
7q11.23

Xq28

16p13.3

7935

Direction-

ality®
3">5"

5>3"

3">5"

»

3">5

3'>5"

5>3"

3">5"

3">5"
3">5"
5>3"

Inverted™

5" or
inverted™

3">5"

7+

3'>5"

Mutation

c.[3572C>T:3590T>C]!

[-209T>C;-198C>T;-189/-188insT]
[[4C>T;92C>T;118T>C;138A>C]

[1380T=>A;1383T>A;1389T>A;
IV56+12_13AC>GT]

[1688G>T;1767_1768insT]!

Conversion of exons 3 and 4

Conwversion of two nucleotides
separated by two basesin exon 8

c.[475C>T:483C>T]

7497_7662 including 13
discriminant nucleotides’!

[7539T>C;7541G=>A]"

[del55bp;D409H;L444P;A456P;
V460V]

[D409H;L444P;:A456P;V460V]
[L444P;A456F]
[L444P;A456P;V460V]

Conversion involving 12
discriminant nucleotides in the
promoter region

Conversion involving exons 1 and 2

Conversion involving 9 discriminant
1

nucleotides in the promoter region
c.[393T>C;420T>C;425C>T]
[C>T;AGT]

[C>T:AGT:ins20bp]

[AGT;ins20bp]

3’ limit of the maximal converted
region cannot be defined owing
to the lack of information on an

intervening discriminant nucleotide

[8446T>G;8490T>C;8493G>C;
8502T>C]

[8446T>G;8490T>C;8493G>C;
8408C>G;8502T>C]

[8639G>T;8651G>A;8658T>C;
8662C=>T]

Conwversion involving 22
discriminant nucleotides

Converted
tract
length (bp)!

19331

21-155
142-523
42-210

80202
446626

4-56

9-104
166—215

3—-65
604-974

525848
36—175
50475
40-218

=212-<348*%
423-1554

33-152
124-1474
369-1529
247-423

=b636—
<3676°

57-126
57-126
24-230

289-457



Table 1 | Interlocus gene-conversion events that cause human inherited disease* (part 2)

Disease/ Donor
phenotype gene?
Shwachman— SBDSP
Bodian—

Diamond

syndrome

Spinal muscular  SMN2Ill

atrophy

von Willebrand VWFP
disease

Acceptor Chromosomal

gene

SBD5

SMN1

localization

7q11.22

5q13.2

22q11.22-
q11.23 (VWFP)/
12p13.3 (VWF)

Direction-
ality®

Inverted™*

53

Not
applicable

Mutation

c[129-443A>G;129-433C>A]
c[141C>T;183_184TA>CT]
c.[141C>T;183_184TA>CT;201A>G]

c[141C>T;183_184TA>CT:201A>G;258+2T>C]"

c[183_184TA>CT;201A>C]
c.[183_184TA>CT;201A>G;258+2T>C]
c[201A>G;258+2T=C]

Conversion of exon 7 and intron 7

[IV527-45C>T;IV527-36C>T;3686T>G;
3692A>C]

c.[3686T>C;3692A>C]

c.[3686T>C;3692A>C;3735G=>A;3789G>A;
3797C=>T]

c.[3789G=>A;3797C>T]
c.[3789G=>A;3797C>T;3835G=>A]

c.[3789G=>A;3797C>T;3835G>A;3931C>T;
3951C>T]

c.[3835G=>A;3931C>T;3951C>T]

c.[3835G>A;3931C>T;3951C>T;4027A>G;
4079T>C;:4105T=A]

c[3931C>T;3951C>T]

c[3931C>T;3951C>T4027A>G;4079T>C;
4105T=>A]

Converted
tract lengt
(bp)"

11-104
44-217
61-276
120-398
19-118
78-240
60-197
264-776

63-131

7-95
112-195

9-99
47-195
163-291

117-229
271-335

21-191
175-297



Kongenitdlni adrendini hyperplasie (CAH)

»  zahrnuje autosomdlné recesivni enzymové defekty steroidogeneze v
kire nadledvin s rlznym biochemickym a klinickym obrazem

Chalesteral
| sccrsrar
Pregnenclone | 1o IKI 4 701 _Pregnenclone 122 LI%E pUEA
| 2-Hs l IP-H5D l 3p- H5D
17 - fare .
Progesterone M. lT{!H-Prnguumnimc Androstenedione
|2 Fiydraxyiase™ 1 (T -Hydraxyiass
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180H Corticostercne Cortisone / 1
1;1.:.; Synthase BIMYDROTESTOSTEROME ESTRAGIOL
(LHT)
ALDOSTEROME
MIMERALOCORTICOIDS ELUCOCORTICOIDS SEX HORMONES
[Salt-Water Homeostasis) (Stress response)

» DNA diaghostika CAH - analyza genu * Novorozenecky screening
pro 21-hydroxyldzu (zavedena od deficitu 21-hydroxylazy
roku 2003) (zaveden od roku 2007)




Deficit 21-hydroxyldzy (21-OHD)

- zplUsoben mutacemi v genu CYP21A2

+ CYP21A2 gen a CYP21PA1P pseudogen, lokalizace

na chromozomu 6p21.3

- CYP21A2 a CYP21PA1P: kaZzdy obsahuje 10 exond,
nukleotidové sekvence jsou v exonech identické z

98% a v intronech z 96%
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Klinické formy 21-OHD

1. Klasicka se solnou poruchou (Salt Wasting)

enzymovad aktivita: 0% normdlni aktivity

nejCastéjsi mutace: p.Q318X, p.6110VfsX21, klastr E6,
p.R356W, chimérni gen a delece genu

2. Prosta virilizujici (Simple Virilizing)
enzymova aktivita: 1% normalni aktivity
nejCastéjsi mutace: p.I172N a c.290-13A/C>6

3. Neklasicka (Non Classic-late onset)
enzymova aktivita: 20-50% normdlni aktivity
nejCastéjsi mutace: p.P30L a p.V281L



3 clinical forms of CAH have been distinguished:

- the classical salt-wasting (SW-CAH),

* the classical simple virilising (SV-CAH),

- the non-classical CAH (NC-CAH).

* In addition to having a severe cortisol deficiency, patients with SW-
CAH do not synthesise enough aldosteron and therefore, are not
able to maintain sodium homeostasis. In the female foetus, the
excess of androgen causes variable degrees of external genital
virilisation, and consequently, newborn females have genital ambiguity.
* The residual activity of 210H (aldosterone is synthetized) results in
SV-CAH with external genital virilisation in females and also results
in signs of precocious pseudopuberty which develop by 8 years of age
in female and male patients.

* NC-CAH is associated with a moderate deficiency in 210H and
manifests in later childhood or adolescence with precocious
pseudopuberty and decreased fertility. Patients with NC-CAH secrete
aldosterone normally and most of the male patients diagnosed after
puberty are entirely asymptomatic




Mutace zpusobujici 21-OHD

1/ intergenové rekombinace mezi CYP21 genem a
CYP21P pseudogenem ~ 95%

— mikrokonverze I cvrarp

- bodové mutace
—EEE

— herovhomérny crossing-over béhem meidzy
- chimérni CYP21P/CYP21 gen
- delece CYP21 genu
- duplikace CYP21 genu




Vznik chimérniho CYP21P/CYP21 genu pomoci herovnomérného
crossing-overu béhem meiozy

B cror
L .
X
2. —RE —

|

L —E—

2. N
CYP21P/ )

2/ mutace v CYP21 genu ~ 5%

* hové vzhiklé bodové mutace




— chi-like
5 1 2 3 4 5 6 7 8 9 10 3
CH-1 o T e B e s | — — —
I l A v |
Pro30Leu Gly110ValfsX21 Val281Leu GIn318X
v 236,237,239 v v
¢.290-13A/C>G lle172Asn Leu307PhefsX6 Arg356Trp
— minisatellite consensus
» chi-like sequence
CH-2 m H H H— —
— minisatellite consensus
— chi-like sequence
CH-3 —-—-—-—-—-—-—I-HI H 1 —
» chi-like sequence
che — EEEE W T 7 |
—> minisatellite consensus
— chi-like sequence
chs — NN NN TN e e e |
» chi-like sequence
che — EEEE-W T T —
— chi-like sequence
chy — NN EE N NN e .

Types of chimeric CYP21A1P/CYP21A2 genes. The structure of the functional CYP21A2
gene is depicted by white boxes; black boxes represent the nonfunctional CYP21A1P
pseudogene. The arrows indicate mutations which exist in CYP21A1P. 236/237/239 depicts
mutations p.lle236Asn, p.Val237Glu, and p.Met239Lys, these mutations always occur together.
In CH-4, the CYP21A1P-CYP21AZ2 junction site is localised inside intron 2 upstream of ¢.290-
13A/C>G. In CH-6, the CYP21A1P-CYP21AZ2 junction site is localised between mutations
c.290-13A/C>G and p.Gly110ValfsX2.




» Specific motifs surrounding DNA sequences involved in gene conversion can either promote or
inhibit gene-conversion. Such motifs include polypurine and polypyrimidine tracts, palindrome-like
sequences, minisatellite sequences, chi and chi-like sequences and sequences that can adopt
tetraplex, Z-DNA, ....
- Chi (crossover hotspot instigator) sites had been originally described as cis-acting

motifs 5 -GCTGGTGG-3 around which the rate of Rec-promoted recombinations is

elevated
— chi-like
5 1 2 4 5 6 7 8 9 10 3
CH-1 e I_I*ll_IHI_I I —-
Pro30Leu Gly110ValfsX21 l Val281Leu GIn318X
v 236,237,239 v v
c.290-13A/C>G lle172Asn Leu307PhefsX6 Arg356Trp
> minisatellite consensus
» chi-like sequence
chz — NN N W E T —
»  minisatellite consensus
» chi-like sequence
CH-3 —-—-—-—-—-—-—.:-E.ﬁ_ﬁ_|—|
chi-like sequence
CH-4 —-—i]L 111 —— 111 —
—® minisatellite consensus
CH-5
chi-like sequence
CH-6 —-—i]E 1+ 11 S I e N —
chi-like sequence
CH-7 —-—-—-—-—-—-J:l [ I S N | —




Metodika 21-OHD

1. MLPA
- duplikace CYP21 genu
- delece CYP21 genu
- bodové mutace (p.6110VfsX21; p.I172N; klastr E6; p.Q318X)

2. genové selektivni Long Expand Template PCR
- amplifikace CYP21 genu
- amplifikace CYP21P/CYP21 chimérniho genu

3. sekundarni PCR / ACRS

- prikaz 11 mutaci: p.P30L, ¢.290-13A/C>G, p.6110VfsX21,
p.I172N, klastr E6 (p.I236N, p.V237E, p.M239V), p.V28IL,
p.Q318X, p.R356W, L306FfsX6

4. PCR-sekvenovani



Nase vysledky u 21-OHD

+ DNA analyza provedena u 267 nepribuznych pacient:

— diagndza potvrzena u 241 probandi
— u 26 pacientl identifikovdna pouze 1 mutantni alela

= charakterizovano celkem 30 typu mutantnich alel

- 60% bodové mutace - 58,6% z CYP21P (24 % c.290-13A/C>6)
- 2,4% nové vzniklé mutace

+  33,7% chimérni CYP21P/CYP21 geny - 4 typy

* 4,9% delece CYP21 genu

- 10% CYP21 geny nesouci 2 a vice bodovych mutaci
+ 0,4% duplikace CYP21 genu (c.290-13A/C>6; p.Q318X)

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 26: 595-603, 2010 Contents lists available at ScienceDirect

. . . European Journal of Medical Genetics
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Kazuistika
deficitu 21-hydroxylazy

r. 2003
- Zadost o DNA analyzu pro potvrzeni diagnézy CAH

u probandky a pro prenatdlni dg. (matka v 9. tydnu
gravidity)

- DNA byla dostupnd od obou rodi¢l a postizeného
ditéte: 7leta divka, v 5 letech véku ndstup predéasné
puberty, stredné virilizovany zevni genitdl, bazadlni 17-
OHP > 133 nmol/I

— fenotyp: klasicka forma bez solné poruchy



Vysledky DNA analyzy rodiny

— detekce bodové mutace

1. genové selektivhi LRPCR ) Q318X v HT staw
2 PCR/ACRS - 10 mutaci - (8. exonu CYP21 genu)
3. LR PCR - delece genu — detekce chimérniho
— CYP21P/CYP21 genu
v HT stavu

4—&

chim CYP21P/CYP21 p-Q318X PROC NASTALA

NESHODA MEZI

® & GENOTYPEM A

chim CYP21P/CYP2 1/bez mutace ? FENOTYPEM ?22?
%

N




Rok 2003 - prenatdlni diagnostika

» kultivované AMC
» vysledny genotyp plodu odlisny od genotypu probandky

4—

chimm CYP21P/CYP21 p-Q318X

o

1) chim CYP21P/CYP21 ( 1) chim CYP21P/CYP21
2) bez mutace ? 2y p.Q318X

X biochemické stanoveni plodové vody: negativni vysledek !!!
(Ci7-014p=4.81 nmol/I; Ny7_opp=3-17nmol/I)




Po narozeni syna bylo provedeno ovéreni genotypu z
prenatdlni dg. - stejny vysledek, dité vSak nemélo
klinické projevy CAH Il

4—

chim CYP21P/CYP21 p-Q318X

@@ W

1) chim CYP21P/CYP21 1) chim CYP21P/CYP21
2) bez mutace 2y p.Q318X

PROC TRVA V RODINE NESHODA MEZI
GENOTYPEM A FENOTYPEM 2?7



r. 2005 - zdokonaleni DNA diaghostiky CAH:

1) sekvenovdni celé kédujici sekvence

—> detekce bodové mutace p.P459S v HT stavu na
materndlni alele (10. exonu CYP21 genu)

40

chim CYP21P/CYP21 p-Q318XK/p. P4395
® m

1) ehim-CYP21P/CYP21 1) chim CYP21P/CYP21
%) p.P459S 2) p.Q318X

N—_




r. 2007 - zdokonaleni DNA diagnostiky CAH:

2) MLPA analyza prestaveb 6p21.3 oblasti

— detekce duplikace CYP21 genu s p.Q318X v HT stavu na
materndlni alele

A / OT@C: 1) Normalni alela —&— bez mutace

CYP21P

CYP21
2) Mutantni alela I CHIM CYP21P/CYP21

1) Normalni alela

B/ Matka:

2) Mutantni alela

P459S




Analyza rodiny byla uzavrrena s timto koneénym vysledkem:

4@

1) chim CYP21P/CYP21| 1) p.P4395
2) bez mutace 2y CYP21+CYP21-p.Q318X

° u

1) chim CYP21P/CYP21 1) chim CYP21P/CYP21
2) p.P4395 2y CYP21+CYP21-p.Q318X




Familialni hypercholesterolemie (FH) -
mutace v genu pro low-density lipoprotein receptor (LDLR) -
frekvence heterozygotu (1:500), frekvence homozygotu (1:1000000)

Patogenni mutace v LDL receptoru zpusobuji ztratu funkénich receptorut
pro LDL €astice na povrchu jaternich bunék — zvyseni hladiny LDL v
plazmé — ateroskler6za a zvySené riziko koronarni srdeCni nemoci

== o

‘i 5 —Tendinous xanthomas and xanthoma uberosum in the elbow nease 2 priorp “ig. 2 = Tendinous xanthomas in the fingers in case |, prior to ileal bypasst
7ig. | - Xanthelasma - case [ oo ileal bypass surgery, { urgery.



V endoplazmatickém retikulu
probihaji posttranslacni upravy
LDL receptoru, ktery je nasledné
transportovan k bunécéné
membrané. Na bunécné
membrané dohazi prostrednictvim
specifické interakce s ApoB
(apoliprotein B) k tvorbé
komplexu LDLR-LDL castice.
PCSKO9 (proprotein convertase
subtilisin-like kexin type 9) je
sekretovan z hepatocytl a na
jejich povrchu se vaze LDLR.
LDLR (vazany i nevazany k
PCSKO9) je nasledné shromazdén
v zahybech bohatych na klatrin a
internalizovan za pomoci
LDLRAP1 (LDLR adaptor
protein). Po endocytéze jsou LDL
Castice disociovany z LDLR a
degradovany v lysozomu. LDLR je
recyklovan zpatky k bunécné
membrané nebo degradovan
(LDLR vazany na PCSKO9).
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Mechnizmy maijici za nasledek vznik FH:

)

ii)

Defektni struktura a
funkce LDL
receptoru,

Defektni vazba

ApoB/LDLR,

Defektni struktura a
funkce LDLRAP1 (LDLR
adaptor protein)
(narusena endocytoza
ApoB/LDLR),
Abnormalné zvysena
aktivita PCSK9 (zvySeny
katabolismus LDLR),
Defektni ABCG5/8
(zvySeni intrabunécné
akumulace cholesterolu v
hepatocytech).
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Figure 3 The LDLR gene
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* The LDLR gene is localized at 19p13.2, is composed of 18 exons
spanning 45 kb, the transcript is 5.3 kb long and encodes a peptide
containing 860 amino acids.

« LDLR mutations have been reported along the whole length of the
gene in FH patients from around the world.

» At present, the number of identified unique LDLR allelic variants
is over 1000: 65% of the variants are DNA substitutions, 24% small
DNA rearrangements (< 100 bp) and 11% large DNA rearrangements
(> 100 bp)




Molekularni diagnostika FH

1) PCR/RFLP nejéastéjsSi mutace v genu APOB - p.Arg3527GIn

2) PCR/RFLP pro detekci nejcastéjsich mutaci v genu LDLR - p.Gly592Glu,
p-Asp266Glu, and p.Arg416Trp;

3) PCR a sekvenovani exonu 4 genu LDLR (exon s nejvétSim vyskytem
mutaci);

4) MLPA vsSech exonu genu LDLR;

5) PCR a sekvenovani promotoru a exona 1, 5, 6, 9, 10, 12, 14 genu LDLR,;

6) DHPLC exonu 2, 3,7, 8,11, 13,15, 16, 17, and 18 genu LDLR,
sekvenovani vytypovanych exoni

Vysledky: 1945 nepribuznych pacienta s FH - 252 pacientt (13,0%)
s APOB mutaci, 406 pacientut (20,9%) s bodovou mutaci nebo
mutaci malého rozsahu v LDLR, 37 pacientt (1.9%) s mutaci
velkého rozsahu v LDLR.

V soucasné dobé: genotypovaci FH Cip: detekce 80 typu mutaci popsanych u
ceskych FH pacientt a 77 mutaci detekovanych s vysokou frekvenci v jinych
evropskych populacich + MLPA




Large DNA

rearrangements
detected in Czech FH

patients

Deletion/dupli No. of No. of patients
cation probands
Promoter- 1 2
exldel
promoter ex2 1 3
del
Exon2 10del 1 1
Exon3 12del 1 |
Exon5_10del 4 8
Exon7 10del 1 4
Exon7 12del 1 |
Exon9 14del 11 18
Exon9 15del 9 19
Exonll 17del 1 |
Exonl3 14del 1 |
Exonl6 17del 1 3
Exonl 12dup 1 1
Exon2 6dup 14 18
Exon2 15dup 1 2
Exon4 8dup 2 5
Exonl6 18dup 6 18




Genomic characteristics of deletion and duplication breakpoints in

the LDLR gene in Czech FH patients

Mutation at cDNA Mutation at DNA Deletion/ Recombination Repetitive element 5’/ Repetitive element 3/ No. of
level level duplication size mechanism class/family class/family probands

promoter_2exondel c.-1823_190 13186bp MAHR AluY/SINESAlU AluY/SINE/AIU 1
+566del

exon2_6dup c. 67+3968_940 14228bp NAHR AluSx1/5INE/Alu AluSx3/SINEAIL G
+296dup

exon3_12del c.190+984_1846- 17604bp NAHR FLAM_A/SINE/Alu AluY/SINE/AlU 1
1160del

exond_8dup c314-446_1187- 811%p NHEJ AluSx1/SINE/Alu MERB3/LTR/ERV1 1
386dup

exon5_10del c. 695-67 1586 7636bp MNHEJ AluJo/SINE/AlU AluSx1/SINEAIU 4
+371del

exond_14del C.1186+700_2141- 1029 bp NAHR AluYas/SINE/AIU AluY/SINE/AIU 10

545del
exon9_15del) c.1187- 14110bp NAHR AluJb/SINESAIU AluSx1/SINEATL 8
169_2312-790del
exonl16_18dup) c2311 7248bp MNAHR AluYb&/5INE/AlU AluSg2/SINE/Alu 3

+1941_*1216dup

Newly described rearrangements are in bold letters; NAHR: nonallelic homologous recombination; NHEJ: nonhomologous end joining.



V soucasné dobé je znamo 117 typu velkych genomovych
preusporadani v LDLR genu :
100 deleci a 17 duplikaci.

 LDLR gen obsahuje 98 Alu repetic, Alu repetice vytvari 65%
intronovych sekvenci.

* Vznik velkych genomovych preusporadani v LDLR genu je
asociovan s Alu repeticemi.




* 45% lidského genomu je tvoreno
transposabilnimi elementy.

* Alu repetice vytvari 10% lidského
genomu; pocet kopii je 1.3 million.
Délka Alu repetice je 300 bp; slozena
ze dvou pfibuznych monomerd; do
genomu inzerovana prostrednictvi
ssRNA, ktera je transkribovana RNA
polymerazou lll. 3 -konec Alu dimeru je
ukoncCen oblasti bohatou na A (100 pb),
monomery jsou oddéleny oblasti
bohatou na A,

* Distribuce Alu repetic v genomu
vytvari podminky pro non-allelic
homologous recombination (NAHR).

MNon-LTR
retrotransposons

Mon- \
transposable

SVA / elements (-55%)

0.2%

Others
6.0% .

LTR retrotransposons

DNA transposons
8.3% 2.8%
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SVA pA
—» | (CCCTCT), | Alu-like | VNTR | HERV-KIO-like | AAA =
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Vysledky analyzy 8 genovych preusporadani u detekovanych u pacientt s FH

NAHR, non-allelic homologous recombination — detekovano u 4 deleci a 2 duplikaci
r.(promoter_ex2del), r.(ex2_6dup), r.(ex3_12del), r.(ex9_14del), r.(ex9 _15del), r.(ex16_18dup)]

* 6 deleci/duplikaci rekombinace mezi
dvéma Alu dimery; detekce vyrazné
sekvencni identity v oblasti zlomu

A

7 1
AluSx3 AluSx1

TARTTTTTTGTATGTTTAGTAGAGATGGG

CRCCRAGC TAATTTTTTGTATGITTAGTAGAGACAGS

Intron AGGA-TACGGGCACCCGCTACCATGCCTGGCTAR-~-TTTTGTACTTTTAGTAGAGACAGG
Intron
2 edup

* 2 delece/duplikace rekombinace mezi Alu
monomerem a Alu dimerem; detekce
sekvencni identity v oblasti zlomu

Intron 2 TCCATTTAAATGCCCTCCGTTTTGACCCATARRGGGGTAGGCTTGGCCGGGCACRATGGE
NERR RN RARRNE] | I |
3 l2del TCCATTTAAATGCCCTCCGTTTTGACCCATAAAGGGGTAGGT
I I | | | |

Intron 12 ACACGGTGAARCCCCGTCTCTACTAARAATACARARACARAATTAGCCGGGTGTGGTGGC

Intron 2 TTGTGTCTGTAGTCCCAGCTACT TGGGAGGCTGAGGCAGAAAGGCAGARAGATTGCTTT
I I 11 R 1] I

3_l2del TTGTGTCTGTAGTCCCAGCTACT CAGGAGGCTGAGGCAGGAGAATGGCGTGAACCCGGGE

| | || .11 ||| Il

Intron 12 AGGCGCCTIGTAGTCCCAGCTACT CGGGAGGCTGAGGCGGGAGAATGGCGTGAACCCGGGA




NHEJ, nonhomologous end joining (zlomy v dsDNA, nasleduje spojeni
koncl bez sekvenéni homologie mezi rekombinovanymi useky DNA)

* Duplikace r.(ex4_8dup) — zlom lokalizovany v
intronu 3 je pfitomen v MERS83 repetici; zlom
lokalizovany v intronu 8 je v AluSx1.

* Delece r.(ex5_10del) — zlom lokalizovany v
intronu 4 je pfitomen na konci AluJo v antisense
orientaci; zlom lokalizovany v intronu 10 je na
konci AluSx1 v sense orientaci.

A

AluSx1 MERS83

Intron 8 TACCAAACCTGGCTAGTTTTTGTATGTTTAGTAGAGACAGGGTTTCACCATGTTGGTGA
B I ||| 111 11 L) | |

4_8dup TACCAAACCTGGCTAGTTTTTGTATGTTTAGTAGATAGTCAGTGCTCACCCACARCATT
| Il | | | 1l Il LEED | | I

Intron 3 TTGATRAAATTCTTACCCCCACAC CTGGTCCAGATAGTCAGTGCTCACCCACAACATT

A 4 Aludo 5 6 7 8 9 10 AluSg 1
4 11
Intron 4 TTGGCCTCCCARAGTGCTGGGATTCCAGGCATGAGCCGCTGCACCCGGCARRRG
B DT |
5_10del TTGGCCTCCCARAGTGCTGGGATTC : AC
|
n 1 TGACA!
ntron 4 CTTCTTITICTCTGETTETCTCTTCT TEAGARRATCAACACACTCTGTCCTETTTTCCAS
\ 1
5_lodel AGTGGCTAGACAACAGGATGETATCTTCCARGCCCATGGCTGACTCAGCAGCTCCTGGE T
FELLEREELEETEEE LR et I I
ntron 10 n_":«"-' TAGACAACAGGATGGTATCTTCCAAGCCC ACTCAGCAGCTCCTGGGT




Nonallelic homologous recombination- Nonhomologous end-joining-
mediated insertion/deletion (NAHR) mediated deletion (NHEJ)

Pre-recombination state

=== -

Interchromosomal / Intrachromosomal
recombination recombination l

T

1 =T bp microhomologies

Inserinn Cieletion

NAHR: rectangles depict directly orientated reapeats sharing high homology (97% to
98%), which align at non-allelic and allelic positions and the subsequent recombination
causes deletion and duplication. NHEJ: double-strand breaks (DSB) are created
between the two sequences with no homology between each other. The NHEJ system
modifies and rejoins the two ends, resulting in the deletion of the segment between the
two DSBs. Genome Res. 2009 19: 1516-1526



