Human Genetic Polimorphism



Human genome

« 3.1 billion (10°) base pairs
¢ 22,500 genes

 encoding 100,000
proteins



SNP —
single nucleotide
polymorphisms




3 million or 0.1% bases in our
DNA are polymorphic as single
nucleotide polymorphisms
(SNP).

Directly responsible for majority of variation among humans



SNP (single nucleotide
polymorphisms) examples

COL2A1 (-1) collagen, type I, alpha 1 (primary ostecarthritis... Chri12: 46649018 - 46688528
| s o |_|.|_|.| -~ I X I-I l.-'\- 1 H | | 3 I | = 1 || ] III I | | JIIII | | | II l ] -Il Illll I - [ ] - | |
e " M YWY TN Yy T YN W Y Y O Y Y Y Y Y Y Y Y W e

tumor necrosis factor (TNF superfamily, member 2) Chr6: 31647329 - 31658091
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STR — Short
Tandem Repeats



STR (short tandem repeats)
structure
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Marker
SNPs

Microsatelites

STRs vs. SNPs

Advantages

e L ow mutation rate

¢ High abundance

e Easy (o type

* New analytical approaches are
being developed at present

e Cross-study comparisons
are easy; data repositones
alreadly exist

* Highly informative (large number
of alleles, high heterozygosity)

| ow ascertainment bias

e Fasy lo isolate

Disadvantages

e Substantial rate heterogeneity
among sites

e Expensive lo isolate

¢ Ascertainment bias

e | ow information content
of a single SNP

¢ High mutation rate

e Complex mutation
behaviour

¢ Not abundant enough

e Difficult to automate

* Cross-study comparisons
require spedal preparation



STRs are important genetic
markers (first maps of human
genome)

The physiological function is not
certain

but some STRs are directly
iInvolved Iin pathogenesis



Poly Glutamine (Q) triplet
repeat diseases

Disease Repeat
sequence

HD (Huntington Disease)

CAG

DRPLA (dentatorubral
pallydoluysian atrophy) CAG
SCA (spinocerebellar atrophy) CAG

55555

Kennedy’s disease CAG



Polyglutamine stretches predispose

to aggregate formation
A

« (A B) The g¥
subcellular ot ap'
distribution of
ataxin-1 In nucleus
pontis centralis %
neurons from a
spinocerebellar
ataxia 1 patient.

Nuclear inclusions
(NI) magnified
(bottom right) and C

Armm. Fewr. Memosel 2000
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Conditions and genes in which alanine tract

expansion has occurred

Protein dysfunction

Condition (3 ene rene type Fxpansion size
synpolydactyly type 11 HOXT13 Transcription factor 154 -= 22 — 294 (an addition o f 7 - 14) D ominant negative
Cleidocratial dysplasia RN Transcription factor 174 -=27A (anaddition of 10} Lozz-of-function
(CBFAL
Cculoplarmgeal FABPHI Folyadenylate- 104 - 11 = 17A(anaddition of 1 =7 To:icprotein aggregates
trscular dystrophy binding protein
Holoprosencephaly ZlC1 Transcription factor 154 -> 254 (anaddition of 10) 184 -> 244 or 264 (an Logs-of-function Unclear,
(HPE ) Hand-fo ot HOXALS Transcription factor addition of6 — &) mmight be dorminant
genital syndrome negative
Blepharophumo sis, ptosis FOXL2 Transcription factor 144 -» 22 - 244 (an addition of 8 - 10 Partial logs-of-function
and epicanthus itveraus
Ivlental retardation;, - =023 Transcription factor 154 -= 264 (anaddition of 113 Unlono wm
linked, with 1zo0lated
arowth honmone
deficiency
Infantile spasm AR Transcription factor A-tract #] (amino acids Partial logs-of-function
syndrome, X-lmked, 100 - 115y 164 -= 18 or 234 (an addition of 2 or 7)
Partington symdrotme,
lizzencephaly with
armhiguous genitalia, -
linkced; mental
retardation -linked 36 A-tract #2 (armino acids
and >4 144 — 155 124 -» 204 (anaddition of &)
Congenital certral PR Transcription factor 204 = 25 =294 (anaddition of 5 — 9) Loszz-of-function
hypoventilation (PHOXIEBE)

syndrome’Ondine curse

TEENDE in Genetics 2004




Diseases caused by expansion of
non-coding trinucleotide repeats

Dispase
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Pattern of amplified PCR fragments from a colorectal
tumor with high microsatellite instability

Base pairs
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Genomic DNA from the =
tumor and normal tissue % 4000 -
were amplified with the E - Cotat (ARG
HNPCC Microsatellite § s F
Instability Test. The 5

- S 1600 : |1
amplified fragment < .
patterns from both tissues E aeo ;J | fJ
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Result: The fragment
pattern from the tumor
differs from the normal
pattern at all five
microsatellite loci. Thus,
the tumor is 100%
unstable and is
classified as an MSI-H .
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Interspersed repetitive
sequences



Retrotransposable elements (45% of our DNA!!!)

5'LTR Gag ol env 3'LTR
= o T ]
FPolimorfizm typu /ndef (insercja/delecja) Retroviruses
Aktywacja w gonadach s gag pol I LTR
= B = -

: iy : LTR retrotransposons
Rola w InduKcji crossing-over siace o =

. . . Il ORF1 ORF2
FPosrednicza w rearanzacjach - "

genomowych, szczegolnie kA
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aberracji chromosomowych pol Il
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Non autonomous retroposons (SINEs) Alu repeats
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Non-LTR retrotransposons (LINES)
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Repetitive elements in HGO gene
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HLA
— najbarazie]
polimorficzny uktad
genetyczny
cztowleka



Czasteczki i geny HLA

B1 A1
99 22

B1 A1
53 22

B1 B3 B4A4BS A
396 30 1015 3

B C A
499 125258

HLA-
complex

Gene loci
Alleles (2002)



Polimorfizm HLA jest skutkiem selekcji
rownowazace] (balanced selection)

Natural selection
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Powigzania HLA z chorobami

Zzsk (zesztywniajace zapalenie stawow
Kregostupa) - B27

Celiaklia - DQ2 (DQA1*0501, DQB1*0201)
Narkolepsja — DRB1%15 (DR2)

Kilkadziesiat innych bez znaczenia w
klinice



Uktad HLA zawiera duzo innych
genow (U cztowieka region o

najwiekszej gestosci genow)
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Czeéé powigazan moze nie by¢ z genami kodujacymi
czasteczki HLA
(np. hemochromatoza, zawat serca?)



Segmental duplications / copy
number polymorphism

Hybridization of a &
amylase gene probe (red)
and a 3' amylase gene
probe (green) to DNA
fibers (blue) from three
different individuals, each
with a different number of
tandem copies of the
variable segment.

Mature 2004



Metodyka analizy
polimorfizmu DNA



Machine for PCR - thermocycler

I




PCR-RFLP

Variant 1 Variant 2
EcoRI does not cut EcoRI does cut
GCCGCATTCTA GC.'C(}J;'&SJT{‘TA
CGGCGTAAGAT CGGCTTML‘}‘} AT
— I Uncut
U Cut
I .

1 2-1 2 Phenotype



~ Allele-specific PCR (AS-PCR)
/W
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PCR-SSO analysis
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Micro-array and ‘gene chip’
technology
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Whole-genome case-control association
study for genes involved in AMD

P values of genome-wide
association scan for genes
that affect the risk of
developing AMD. -log10(p) is
plotted for each SNP in
chromosomal order. The
spacing between SNPs on
the plot is uniform and does
not reflect distances between
SNPs on the chromosomes.
The dotted horizontal line
shows the cutoff for 2 = 0.05
after Bonferroni correction.
The vertical dotted lines
show chromosomal
boundaries. The arrow
indicates the peak for SNP

rs 380390, the most
significant association, which
was studied further
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Electrophoretograms of PCR products
from a STR multiplex




Polymorphic genetic markers

A

A
"N

Relative popularity

& E I
1966 1980 1985 1990 1995 2000 2003

[ ] Allarymes B sNePs ] microsatelites Bl AFLPs

B DMNA sequencing B RarDs L] Minisatellitas B RrLPs

AFLP, amplified fragment length polymomphism; RAPD, randomly amplified polymomhic DNA;
RFLP, restriction fragment length polymorphism; SNP, single nucleotide polymomhism.

Mature RBew Gen 5 63-69 (2004
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Relative luciferase activity
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microRNA binding site mutation in 3’ UTR of
SLITRK1 may predispose toloureftte's
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==k mut SLITRKT-3°UTR

Svndrome
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5-CAUYAUYUCY 6 U CGUAGGCAG-3' Human SLITRKI-3'UTR

IR
3'-UGACUAUAGUCGAQU2CAUCCGUG-E' hsa-miR-189
YRR
5 _CAUUAUUUGUGAUE?AQUAGGCAG_S Mutant SLITRK1-3'UTR

UAGGCAG-3' Human SLITRK1
UAGGCAG-3' Chimpanzee Slitrk1

UAGGCAG-3' Orangutan Slitrk1
5'-CAUUAUUUGUGAUCGGUAGGCAG-3' Rhesus monkey Slitrk1

S'-CAUUCUUUGUGAUCGGUAGGCAG-3' Dog SlitrkT

5'-CCUVAUUUGUGAUUGGUAGGCAG-3' Rat Slitrk1

S-CCUUAUUUGUGAUUGGUAGGCAG-3' Mouse Slitrk1
N Yy O 5 |

-UGAC UAUAGUCGAQQFAUCCGUG-E mmu-miR-189

5. CAUUAUUUGUGAUCG
5. CAUUAUUUGUGAUCG
5. CACUAUUUGUGAUCG

3"

20 pamicl 5 prral 1 prmial 0.2 prcd

miR-189

A) The sequence of the normal 3UTR and the substitution of G to A

und in patients. &B) The substitution maps within a predicted miRNA
binding site for miR-189. Base pairing is indicated by a solid (Watson-
Crick) or a dashed (wobble) vertical line. {(C) Conserved bases in the
binding domain are shown In red. (G) Relative luciferase activity in the
presence of miR-189 is shown for the wild-t\ﬁpe (wt) SLITRKT3'UTR
(solid line) and mutant (mut) SLITRKT 3'UTR, containing the
substitution of G to A




Centrifugation in a CsCl gradient separates satellite

DNAs (designated I-IV) from the main band of genomic
DNA

1.701
(main band)

Amount of DNA

1+ 1)
I+EI};; :1:

1.672

V)
1.705 )

Buoyant density (g/cm”)



Principle of AFLP (amplified fragment
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DNA polymerase slippage as
mechanism for STR mutations
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A copy longer by 1 repeat unit



