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Figure 15.1. How to
identify a human disease
gene. There is no single
pathway to success, but the
key step is to arrive at a
plausible candidate gene,
which can then be tested for
mutations in affected people.
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Cmpameauu rnoucka 2eHoe 3abosiegaHuu

J. Pasternak. An Introduction To Human Molecular Genetics
- Mechanisms Of Inherited Diseases (Wiley, 2005)

Functional/Candidate Gene Cloning: “Either a known protein that is
responsible for an inherited disorder or a protein that is considered a
likely candidate based on the symptoms and biochemistry of the
disease” (Protein -> Gene seq -> Location, PCR, mutations, etc.)

Positional-Candidate Gene Cloning: “The disease gene is mapped to
a chromosome location with polymorphic markers. Once the
chromosome location is narrowed down, the human genome database
Is consulted for the genes within this region. From this list of genes, a
likely candidate(s) is selected and a mutation detection assay is run
with PCR probes based on the gene sequence derived from the
database”
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OcobeHHOCMU CrIOXHbIX 3abonesaHuu
// de mym ne2kuti obmaH?

1. HenonHas neHeTpaHTHOCTL (He BCAKas reHeTU4eckas
NpeapacnonoXeHHOCTb NPOSBNSAETCA Kak 601e3Hb)

2. Pa3nnyHbIv BO3pacT pa3BuTuA 3aboneBaHus

3. OenctBue chaktopoB okpyxatowen cpeabl (Obpas
KWU3HW, OneTa)

4. MonureHHoe HacnegoBaHWe, B T.4. ANUCTaTUYECKUE
B3aumMoaencTeus

Jleekuti obmaH: nn. 1-4. xapakTepHbl TaKxe Ans
MOHOreHHbIX 3a0oneBaHUN, TaK YTO OCTaeTCH

Cyxou ocmamok: C.3. UMeIOT HacnegCTBEHHYHO
KOMMOHEHTY, HO HacneayTcs bonee CNOXHO, YeMm
«no MeHpgento»




AN INTRODUCTION TO

Human
Molecular

Genetics

Mechanisms of
Inherited Diseases
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Figure 10.1 Schemaric representation showing how phenotypes of a multifactorial trait are determined. (A) The primary products
(P1-P7) of seven normal genes (G1-(G7) form various protein-protein assemblies and with environmental factors (E1, E2) produce the
Ph5 phenotype. The open arrow indicates interaction (epistasis) between genes 2 and 3. (B) The phenotypic outcome (Ph2) is due to the



Evolution revisited: yrnpouwleHHbIU
832/190 Ha bosie3HemeopHkIe annenu

MoHoreHHble 3aboneBaHus

- CunbHbIN 3ddoekT annenen

- MyTaunoHHO-0TOOPHOE paBHOBECHE
CnoxHble 3aboneBaHus

- Cnabbin addoekt annenen => cnabbin 0TO0p

- [laBneHune oTbopa B HEKOTOPbIX CryYasix
M3MEHSANOCH B XO€e 3BONOLMN 00pa3a XKn3Hu
N cpeabl 0buUTaHKs



“Common disease / common variant”

CD/CV Hypothesis: Yactble annenu (>1%) coctaBnsor
3HAYMTENBHYIO JOMN0 cpeam anneneu
npeapacnonoXeHHOCTH, U ANs UX NOUcKa MPUMEHUMbI
accouuaTBHbIe NCCNEeaoBaHUS, HaNPUMEP, C MOMOLLbIO
HapMap™.

. 1 Figure based

» onone in
Paabo (2003)
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\
|

I
Haplotype Block

:} An Individual

* [bomkuu ripoekm 2002 e.



‘Common disease / rare variant”

CD/RV Hypothesis: Peakue annenu (<1%) coctasnsatoT

OCHOBHYI [0N0 Cpeaw annenemn npeapacrnonoXeHHOCTH,
N HYXXHO pecekseHUposaHue”

) 1000 Genomes - Mozilla Firefox N I

File Edit View History Bookmarks Tools Help del.icio.us

\‘_ - - @4 :E 55 A http:/fwww. 1000genomes.orgfindex.html

1000 Genomes

A Deep Catalog of Human Genetic Variation

Home About Partners Data Contact Internal

LINKS
INTERNATIONAL CONSORTIUM ANNOUNCES THE 1000
GENOMES PROJECT Download the meeting
report
Major Sequencing Effort Will Produce Most Detailed Map Of Human Genetic J

Variation to Support Disease Studies

An international re tium has been formed to create thw mnqt detailed and medically useful View the participants

Gen

atleast a thousand people from around the world. The projec leH receive major sup Wellcome
Trust Sanger Institute in Hinxton, England, the Beijing Genomics Institute Shenzhen in China and the National

Human Genome Research Institute ( GRI), part of the National Institutes of Health (NIH)

Pru mwulu

Il pro

\va\dlfhpd y current resources.

1 other major human genome rpfurencu projects, dala ntnm the 1000

* pomkuu npoekm 2008 a.
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Table 3 » Some polymorphic, moderate to low risk variants

Disease*

Alzheimer’s disease

Thrombosis
Hemochromatosis
NIDDM

IDDM

HIV

Crohn’s disease

Breast cancer
Colon cancer
Neural tube defects

FMF

Graves disease
Creutzfeld-Jakob
Autoimmune diseases

Locus

APOE-APOE4
APOE-APOE2
factorV Leiden
Hfe
PPARY
INS
CCR5

NOD2/CARD15

BRCA2
APC
MTHFR

MEFV
CTLA4

PRNP
HLA B, DR, DQ

Change

C112R
C158R
R506Q
H63D
P12A
VNTR (promoter)
A32

1007fs
G908R
R702W
N372H
11307K
C677T (A=V)
A1298C (E=A)
P369S
E148Q
T17A
M129V

numerous amino
acid substitutions

Frequency

0.09-0.22
0.04-0.08

0.00-0.08 (Eur)

0.02-0.22
0.85 (Eur)
0.85 (Eur)

0.01-0.14
(Eur)

0.02 (Eur)
0.01 (Eur)
0.04 (Eur)
0.25 (Eur)
0.03 (A))
0.30 (Eur)
0.30 (Eur)
0.02 (A))
0.06 (A))
0.35 (Eur)
0.65 (Eur)

polymorphic

Relative risk

4.0-15.0
0.5
5.0-10.0
4.0
1.25
1.5-2.5
high (resistance),
moderate (honprogression)
6.0
6.0
3.0
1.3
2.0
2.0
2.0
7.0
3.0
1.5-2.0
3.0
low to moderate

*AJ, Ashkenazi Jews; Eur, European; FMF, familial Mediterranean fever; IDDM, insulin-dependent diabetes mellitus; NIDDM, non-insulin-dependent dia-

betes mellitus.

Botstein & Risch Nat Genet (2003) 33:228



Age-related macular degeneration

XapakTepHble 00pa3oBaHus B LEHTPaIbHOM YacTu (macula)
CeTyaTKy, BbI3blBatoLLe HAPYLLEHUS 3pEHUS

P Retinal blood vessels

Retina

Cornea\

Iris

Lens

Macular degeneration gene: The genes for the complement system The genes for the
complement system proteins factor H (CFH) and factor B (CFB) have been determined to be
strongly associated with a person's risk for developing macular degeneration. The mutation in
CFH(Tyrd02His) reduces the affinity of CFH for CRP and probably also alters the ability of factor
H to recognise specific glycosaminoglycans.

Recurrence ratios for siblings of an affected individual are three- to sixfold higher than in the
general population, but

Family-based analysis has resulted in only modestly significant evidence for linkage.




Age-related macular degeneration

J.Maller et al., Nat Genet (2006) 38(9):1055-9:
['eHoTMNMpoBaHue 1,536 tagSNPs y 1,238 nauueHTos n 934
KOHTpOnew

Table 1 Association between CFH variants and age-related macular degeneration

SNP Allele Control freq. Affected freq ¥° Pvalue
rs10611702 Puck: 7_6/2_7 G 0.359 0.615 264.5 1.79 = 1059
rs1410996 G 0.571 0.808 2729 2.65 x 1081
rs1061170, rs1410996 3.7 x 10754

cC 0.356 0.609 Puck: ~15

TC 0.213 0.193

T 0.428 0.194

Two-letter allele symbols are used to indicate associated haplotypes of multiple SNPs.
#rs1061170 is the variant of CFH encoding the Y402H protein variant.

Table 2 Association between LOC387715 variants and age-related macular degeneration

SNP Allele Control freaq. Affected freq. 12 Mominal P value

rs10490924 T 0.194 0.455 315.075 1.71 = 1070




Age-related macular degeneration

J.Maller et al., Nat Genet (2006) 38(9):1055-9:

[Tonumopunsm B Nnokyce, cogepalleM reHbl CUCTEMbI
komnnementa C2 n CFB, Takxe accouumnpyetca ¢ AMD:

« BF:R32Q + rs547154 (C2:intron10)

« BF:L9H + C2:E318D

OTW Ba PeaK1X NPOTEKTMBHBIX BapuaHTa NpuHaanexar
pasHbIM rannoTunam

Table 3 Association between CFB and C2 variants and age-related macular degeneration

SNP Allele Control freq. Affected freq. %2 Nominal P value F value conditional on rs9332739 P value con
rs933273%9 C 0.054 0.026 23.6 1.10 = 10°% X 9
rs547154 A 0.097 0.054 27.8 1.30 x 1077 6.09 x 1078
rsd 151667 A 0.050 0.029 13.8 0.0002 0.0397 &
rs641153° T 0.102 0.045 51.9 5.5 x 1013 299 x 10713

355332739 js the variant of €2 encoding the E218D protein variant, highly correlated to rs4 151667 (BF:L9H). Prs641153 is the variant of BF encoding the R32Q proteir
corrglated to rs547 154,



Age-related macular degeneration

&
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Relative
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Figure 1 Relative risk plotted as a function of the genetic load of the five variants that influence risk of
AMD. Two variants are in the CFH gene on chromosome 1: Y402H and rs14 10996. Another common
variant (A69S) is in hypothetical gene LOC387715 on chromosome 10. Two relatively rare variants are
observed in the C2 and BF genes on chromosome 6. We find no evidence for interaction between any
of these variants, suggesting an independent mode of action. (See also Supplementary Table 4.)

NATURE GENETICS VOLUME 38 | NUMBER 9 | SEPTEMBER 2006



Age-related macular degeneration

BbiBOAbI:

(i) there can exist common alleles of substantial effect on
common disease (in AMD, these explain at least half of all risk to
siblings);

(i) these can be found outside of ‘candidate genes’ and outside of
coding regions;

(i) for such alleles, association offers much greater power and
reproducibility than linkage (association results much stronger than
similarly sized linkage studies);

(iv) even for late-onset diseases with partial heritability, common
genotypes can stronqgly influence individual risk;

(v) there need not be epistasis among, or phenotypic
sub-stratification by, genes of substantial population effect.

J.Maller et al., Nat Genet (2006) 38(9):1055-9



BriugHue pedKux anneneu Ha ypoe8eHb
xosiecmepuHa 8bICOKO U M/10mHocmu

Hun3kon ypoBeHb xonectepuHa Bbicokon nnoTHocTn (HDL-C,
«XOPOLLEro» XonecTepunHa): 0CHOBHOM hakTop pucka
cepae4HO-CoCyanCTbIX 3a00MEBaHMI

[[OMO3MroThl MO HEKOTOPbLIM MYyTaLMsIM B 3TUX DENKax He
nvetot HDL-C BoBce:

1. Apolipoprotein Al (APOA1), the major protein component of HDL,;

2. The adenosine triphosphate binding cassette transporter A1
(ABCA1): efflux of cholesterol from cells to HDL particles;

3. Lecithin cholesterol acyltransferase (LCAT): catalysis of the
formation of cholesteryl esters in HDL




BriugHue pedKux anneneu Ha ypoe8eHb
xosiecmepuHa 8bICOKO U M/10mHocmu

The hypothesis: “rare sequence variations contribute significantly to
low plasma levels of high density lipoprotein cholesterol (HDL-C)”

Results: “Of the 128 individuals with low plasma levels of HDL-C, 21
(16%) had sequence variants not present in the high HDL-C group. In
contrast, only 3 (2%) of the individuals in the high HDL-C group had
sequence variants not found in the low HDL-C group.

Thus, one of six individuals with HDL-C levels below the fifth percentile
in the Dallas Heart Study had a rare mutation in ABCAT or APOAT’

J.Cohen et al., Science (2004) 305:869-72



BriugHue pedkux anneneu Ha ypo8eHb
xosiecmepuHa 8bICOKO U M/10mHocmu

Table 1. Sequence variations in the coding regions of ABCA7,APOAT, and LCAT. Values represent the numbers
of sequence variants identified in 256 individuals from the Dallas Heart Study (DHS) (128 with low HDL-C and
128 with high HDL-C) and 263 Canadians (155 with low HDL-C and 108 with high HDL-C) (77). NS,
nonsynonymous (nucleotide substitutions resulting in an amino acid change); S, synonymous (coding
sequence substitutions that do not result in an amino acid change). GenBank accession numbers for DHS
ABCAT, APOAT, and LCAT sequences are NM_005502, NM_000039, and NM_000229, respectively.

Sequence variants Sequence variants
unique to one group common to both groups
Low HDL-C High HDL-C
NS S NS S NS S
DHS
ABCA1 14 6 2 10 19
APOAT 1 0 0 1 0 1
LCAT 1 1 0 1 1
Canadians

ABCAT 14 2 3 7 5
APOAT 0 1 0 0 2 0
LCAT 6 0 0 0 0

J.Cohen et al., Science (2004) 305:869-72



