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Teopetuueckan moaens Gusnuecron
paborocnocobroctu (Tucker & Collins, BJSM, 2012)

Downloaded from bjsm.bmj.com on June 23, 2012 - Published by group.bmj.com
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MeauimuHCK
komuccusa O®TP

KoMILiekcHOe 00C/Ie0BaAHNE U FTeHEeTUYIEeCKOe
TeCTHPOBaHUE TEHHUCHCTOB JAeTCKOT0 BO3pacra

JNTabopaTopHas UHcTpyMeHTanbHas
ANarHocTuka ANarHocTuka leHeTn4eckoe
90 - 300 6-14 BUOOB TecTupoBaHue
napameTpoB 30 -120 reHOB

KnuHunyeckas

Brnoxunmuseckas

Koarynorpamma

COBOKYMHbIU KITMUHUYECKUN, CMOPTUBHO-MEANLNHCKUN U
reHeTU4YeCKUMN aHanNus3
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«TeHHI/Ic XXI BECEKa» kKomuccusa TP
OTaajieHHbIE Pe3yJabTaThl M1 €CTECTBEHHbBIN

~ KOHTPOJIbHAasA
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[eHeTnKa obycnaBnMBaeT MHorne
KO/IMYECTBEHHbIE M KaueCTBEHHbIe NPU3HaKU
4yenoBeKa

Hacnedyemocmes Npn3HaKOB COCTABASET:
Poct — 80-85%

Macca tena — 70-80%

LiBeT rnas, Koxu, sonoc — 95-99%
dopma yweinn — 98%

CaxapHbiv auaber — 60%

ApTtepuanbHoe aasneHue — 40-45%
YposeHb nmununpos — 60-80%
BbiHOCAMBOCTb — 65%

bbictpota — 80%

UHTennekt — 70%
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OueHKka HacheayeMmocTU NPU3HAKOB Ha OCHOBAHUN
6An3Heuo0BbIX U ceMmeHbIX NCChenoBaHNN

Parameter Reference Heritability
Muscle enzymes Bouchard et al. (1986) ~ 50%
% fibre type Simoneau & Bouchard (1995) ~ 50%
Maximal oxygen uptake Bouchard et al. (1998) ~ 50%
A maximal oxygen uptake Bouchard et al. (1999) ~ 50%
Leg strength Tiainen et al. (2004) ~ 30%
Leg strength Zhai et al. (2005) ~ 60%
Mesomorphy Peeters et al. (2007) ~ 80%
Athlete status de Moor et al. (2007) ~ 70%
LV mass Busjahn et al. (2009) ~ 80%




feneTnueckmne mapKepbl Beca 4eno

Bec (macca) Tena - ogMH 13 BaxKHENLLMX NOKa3aTenen pusmyeckoro
COCTOSIHWUSA YenioBeKa. [oNHOreHOMHbIe UccieaoBaHMNA NO3BONUM BbISBUTb
uenbiii 6onee 150 NOKYCOB Ha Pa3/IMYHbIX XPOMOCOMAX OTBETCTBEHHbIX 33
oXXupeHue. Hanpumep:

i\

leH DyYyHKUMA NPOAYKTA reHa SNP
MGAT1 YyacTtsyeT B meTabonname yrnesoaos, Heobxoanm ansa npeobpasoBaHuUA rs12517906
MaHHO3bl.
YyacTtByeT B perynaumm rmobanbHoro obmeHa BeLLECTB, PaCX0Aa SHEPTUN U rs8050136
FTO 3Heprnmn romeocTtasa. TaKKe y4acTBYeT B peryiaumm pasamepos Tesa u
HaKOMNJEHMA XKNPOBbIX OTIOXKEHUMN. rs6499640
TMEM18 YyacTByeT B KN€TOYHOM MUTPALMK, YCUNMBAET MUMPALMOHHYHO CNOCOBHOCTb rs7561317
HEePBHbIX CTBONIOBbIX KNETOK U HEMPOHHbIX KNEeTOK-NpeaLwecTBeHHNKOB.
MC4R BoBneueH B cneKkTp ¢u3nonornyecknx GyHKUUM, B T.4. SHEPreTUYECKUin rs12970134

romeocrtas, obmeH BeuwecTts, NMMrMeHTaL A, BoCnajaeHUe.

(no Thorleifsson et al., 2009)



leHeTUYeckue Mmapkepbl Userta rnas

Y4yeHble M3 MegMUMHCKOro LeHTpa Pottepaamckoro yHuBepcuteta (Erasmus University Medical Center
Rotterdam) npoaHannsmposanu 37 SNP n3 8 reHoB y 6000 KopeHHbIX utenei Pottepaama (Liu et al.,
2009). 67.6% 13 HUX uMmenu ronybole rnasa, 22.8% - kapue, 9.6% - NPOMEKYTOUHbINM UBET rnas. B utore
6b1lnM 0TO6pPaHbI MWL 6 Hanbonee 3HaYMMBbIX 3aMeH B 6 reHax. Bce aTu reHbl KognpytoT 6enku,
oTBeYatoLMe 33 NPOM3BOACTBO COCTABNAKOLLMX PadyKHOM 060N0UKM rNas3a, KOXKU U MUTMEHTOB BOIOC
(s3ymenaHuH u peomenaHuH).

leH SNP
HERC2 rs12913832
OCA2 rs1800407
SLC24A4 rs12896399
SLC45A2 rs16891982
TYR rs1393350
IRF4 rs12203592

TecTtupoBaHue 3TUX TEHOB MO3BOJISAET MPEJICKA3aTh KapUn
IIBET IJ1a3 ¢ BEpOSTHOCTBIO 93%, ronyooit — 91%,
IPOMEKYTOUHBIN 1IBET - 73%.



OnybaukoeaHHble AaHHbie GWAS uccheposaHui

Published Genome-Wide Associations through 12/2012
Published GWA at p<5X10°® for 17 trait categories
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[eHOM YenoBeka
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*OpraHnu30BaHbl OKOJIO B
22-23 TBICSY I'€HOB,
KOTOPBIE COCTABISAIOT 3%
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*99,9% JHK onnHakoBbI y
JIroaeu
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NPEAMET UCCNEAOBAHUA -

Pa3NUUUA B NepPBUYHON cTpyKType AHK

CZLZLCgLLY cgracagage ca £ aggoect tgCgagegoc goctgaggoa CCgegoeoag

CZLEECeZee cgracagage ca| € Aggeoct tgCgagrgec goctgagooa CCgrggooag
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Metoabl MONEKYAAPHOW ANArHOCTUKMN
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Real-time MNUP (MUP B peanbHOM BpemeHM)

N mHOroe gpyroe



NMoaumepasHan uenHana peakuua (MLUP)

MpegnoxeHa B 1983 r. K.Mullis (Hobenesckas
npemua 1989 r.)

[Mo3BossieT Nony4uTb in vitro 6onbluoe Yymcno
MAEHTUYHbIX KONUN crneundpudeckmnx
HYK/1eOTUAHbIX NOCNeA0BaTENIbHOCTEN



NMoaumepasHan uenHana peakuua (MLUP)

Heobxoammbl:
- AHK-muweHb (80 — 1000 nH)

- Cneundunyeckme oIMroHYKNeoTuaHble
npanmepbl

- IHK-nonnmepasa Taqg nam Tth (13 Thermus
aquaticus nam T.Thermopilus)

- le3okcnpmnboHyKkneonarpudocdaTsbl



NUP - sbibop npavimepos




NUP - suibop npaimepos

5'cggggcgggg cgcacagage cagaggggcet tgcgageggc
ggctgaggga ccgeggggag ggggcgecga geggetecag
cgcagagact ctcactgcac gccggagggce geccttectc
gctcgegecc gegegaccge gegecccagt cccgecccge
cccgctaacc gecccagaca cagcegetcge cgagggtege
ttggaccctg atcttacccg tgggcaccct 3’

* [pamoun npanmep: 5’ cgcacagagccagagggget -3’
 Ob6paTHbIM Npanmep: 5’ cagggtccaagecgacccteg -3’



NUP - Havano

l 55°C
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COBPEMEHHDIE METOAb! AHA/TU3A SNP
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BEOYAINbI

[TOJIHOTEHOMHOE CEKBEHNPOBAHUE
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6) N'enomun:

FV (G/A) gesx;?:?lgésT)’\i;not detected:
FGB (G/G) List detection:
CYP1A1(*2A
F“ (G/G) CYPZDEf 61)934A(GIG)
CYP2D8, DelA2637(+/+)
GPllla (T/T) NAT2(S1)
CYP2C18, G681A(G/G)
- CYP2C8, A1075C(A/A)
PAI 1 (56/46) CYP2CS, Cdﬁ(’JC(i(:/T)
MTHFR (C/T) pATHFR_ C877T(CIT)

CDocusments and Settingsia. GotaviDesttap| 50 pi (a5) |AHADSFIBOTE AN0B 41 POMEIZIDS0AL 5p

ABTOMaTU4YeCKUN aHANN3 reHeTU4eCKnx
nameHeHuu (go 100 o6pa3uoB B AeHb)




Macc-CneKTpoOMeTpUUYecKnii stan
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Reflex IV (Bruker Daltonics) =

DR = Reflector Detector
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DL

0L = Linear Detactor

OF =Deflector -

Acc = Accelerator (OE and CE}

Rel = Reflactor I

S = Sample Holder
DATA ACQUISITION

Bruker REFLEX™II




Pa3BuTtne TeXHONOrnik CeKBEHUPOBAHUA
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BbICOKOBOCNPOU3BOAUTENbHBIE
FEHOMHBIE CEKBEHATOPbI ANA
«OBbIYHOW» NUP-NAEOPATOPUN

lon Torren — reHOMHbLIN CEKBEHATOP, B GS Junior — reHOMHbIW CEKBEHATOP, Ha
OCHOBE KOTOPOro NeXUT apdrekT OCHOBe TexHomnornm nupodocdarHoro
NonynpoBOAHNKOBOUW NnaTgopmbl CEeKBEHMpPOBaHUS
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TexHonorua Ha
ocHoBe 3P eKTbl
NOAYNPOBOAHUKO-
BbIX NNACTUH
(cexBenupoBanue)

Eliminate source of sequencing errors:
— Modified bases
—  Fluorescent bases
— Llaser detection
—  Enzymatic amplification cascades

Example:

Eliminate source of read length limitations:
— Unnatural bases
—  Faulty synthesis
—  Slow cycle time

Template

DNA = lons = Sequence
— Nucleotidesflow sequentially over lon semiconductor chip
— One sensor per well per sequencing reaction
— Direct detection of natural DNA extension
— Millions of sequencing reactions per chip

Fast cycle time, real time detection

L

Sensing Layer ' NS0 CFiectnd VDo
Sensor Plate

| av

Drain Source To column
Silicon Substrate receiver




F'eHOMUKa - HayKa, usy4daroujas 2eHbl U UX ripo0yKMbI Kak

OUHaMU4YHO pa3susaruyrocs cucmemy, ux e3aumooeucmaeus u
e/luUsiHUe Ha memabornu4deckue rnymu u ¢pusuoriocudecKkue
peakuuu opeaHu3ma

lMpedukmueHasi MeQuyuHa

dapmakoreHoMUKa
HyTpureHoMumka
TokcukoreHomMmmka
KapanoreHomMmuka
[lcnxoreHomMuKa
[lepmaTtoreHoMuKa
CnopTunBHas
reHomMuKa
[eHOMWKa cTapeHud

FTEHETUYECKUW
MACHOPT -

- tHamBuayanoHaa 6asa [QHK-
AaHHbIX, OTpaXatoLLas
YHUKanNbHbIE reHeTU4YeckKne
OCOBEHHOCTU KaXkaoro 4YenoBeka,
ero npeapacrosioXXeHHOCTb K TeEM
NN NHBbIM HacneacTBEHHbIM
MYynbTUaKToOpUarbHbIM U APYyrnm
3aboneBaHUAM U COCTOAHUAM



FrEHETUMECKUM NACNOPT
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lfeHemu4eckuli nacnopm - UHOUBUAYarnbHasa
6a3a [JHK-gaHHbIX, oTpaxatoLias
YHUKamnbHbIE FTEHETUYECKNE OCODEHHOCTU
Ka)XOoro 4YenoBeka, ero
NpeapacnonoXXeHHOCTb K TEM UM UHBIM
HacneacTBEHHbIM, MyIbTU(aKTOPUanbHbIM
n gpyrum 3abonesaHnsm (B.C.Bapanos, 2000).

TecmupoeaHue 2eHo8
«npeopacrnonoXceHHocmu» - nymb K paHHeu

npoghunakmuke 4acmabix 3abosiesaHuli n
KoppeKyuu obpa3sa XU3HuU

lNMacnopmu3ayua akmyansHa:

cynpyram, 6epeMeHHbIM XeHLLNHaM,
CNOPTCMEHAaM, NI0AAM IKCTPEManbHbIX
npodoeccum

YINPAB/1AW CBOUM FrEHOMOM CAM!!
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Human gene for physical performance

Aspeciﬂc genetic factor that strongly
influences human physical performance
has not so far been reported. but here we
show that a polymorphism in the gene
encading  angiotensin-converting  enzyme
does just that. An ‘insertion’ allele of the
gene is associated with elite endurance per-
formance among high-altitude  moun-
taineers. Also, after physical training,
repetitive weight-lifting is improved eleven-
fold in individuals homozygous for the
‘insertion’ allele compared with those
homozygous for the ‘deletion’ allele.

The endocrine renin-angiotensin sys-
tem is important in controlling the circula-
tory  system.  Angiotensin-converting
enzyme (ACE, or kinimase 11) degrades
vasodilator kinins, and converts angiotensin
I {ATI) to the vasoconstrictor angiotensin [1
[ATII). In addition, local renin-angiotensin
systems may influence tissue growth'. A
polymorphism of the human ACE gene has
been described in which the deletion (D)
rather than insertion (1) allele is associated
with higher activity by tissue ACE".

There is evidence for a skeletal muscle
renin-angiotensin system’, suggesting that
muscle growth, and thus physical perfor-
mance, might be positively associated with
the D allele. However, our initial studies
suggested that the I allele was associated
with improved endurance performance. We
investigated this association in two parallel
experiments.

High-altitude mountaineers perform
extreme-endurance exercise. Thirty-three
elite unrelated male British mountaineers,
with a history of ascending beyond
7,000 metres without using supplementary
oxygen, were identified by the British
Mountaineering Council. DNA was extract-
ed from a mouthwash sample of the 25
male respondents, and ACE genotype was
determined using a three-primer poly-
merase chain reaction amplification*.

Genotype distribution was compared
with that of 1,206 British males free from
clinical cardiovascular disease®. Mean age
was 40.6 + 6.5 years in the 25 subjects, and
55.6 + 3.2 years for the controls. Both groups
were in Hardy—Weinberg equilibrium. Both
genotype distribution and allele frequency
differed significantly between climbers and
controls (Fig. la; Pwas0.02 and 0.003
respectively (" test)), with a relative excess of
IT genotype and deficiency of DD genotype
found in the dimbers.

Amaong the 15 climbers who had ascend-
ed beyond 8,000 m without oxygen, none
was homozygous for D (6 [Tand 9 IIx |
allele frequency = 0.65). Further, ranked by
number of ascents above 8,000 m without
axygen, the top performer was homozygous
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Fgure 1 Assccigtion of ACE alleles with perfor
mance. &, Distribution of ACE 1D genoypes in 25
alite Britizh mountsineers and 1306 heslthy Britiah
man. b, Mean (£s.em.) of individual improvemant
in durstion of repatitve elbow flexion after 10 weaks
of physical training amaong British ammy recruits. An
initial cycle frequancy of 0.3Hz was strictly regulat-
ed by an electronic metronome and waa increased
by .06 Hz eveny minute. Peformanca was indepen-
dant of gkill or varation in technique. For aach indi-
vidual, the sbzolste difisrence besween pre- and
postreining dats wes obteined, and the masn of
these differences calculsted. Pre-trsining and post
trmining dats wers compered using two-ailed
paired tteats. Means were compared by genarsl
ized linear modalling with Statistical Analysiz Soft-
ware™. Dats were adjusted by including bassline
values as a covariate in the statisical model.

for I (5 ascents, compared with a mean of
2.4 + 0.3 ascents, or 1.44 + 0.3}, as were the
top two in this group for number of addi-
tional 7,000-m ascents (> 100 and 18, com-
pared with a mean of 10.3 + 6.5 ascents).

In a second study, ACE genotype was
determined in 123 Caucasian males recroit-
ed to the UK army consecutively. Seventy-
eight completed an identical 10-week
general physical training programme (age,
19.0 + 0.2 years; height, 176.6 +0.7 cm;
body mass index, 22.2 + 0.2 kg m’). Their
ACE genotype (20 (25.6%) I1, 46 (59.0%)
ID, 12 (15.4%) DD) matched that of those
who failed training, as did their physical
characteristics (neck, chest and waist
circumference, elbow  diameter and
armspan), and all characteristics were in-
dependent of genotype.

maximum duration {in seconds) for
which they could perform repetitive elbow
flexion while holding a 15-kg barbell was
assessed both before and after the training
period. Pre-training performance was inde-
pendent of genotype (mean, 119.8 + 6.2 5).
Duration of exercise improved significantly
for those (66 individuals) of ITand ID geno-

Naturs & Macmilllan Publishers Lid 1358

type (7944252 and 247+88 &
Pwas 0.005 and 0.007 respectively) but not
for the 12 of DD genotype (7.1 £ 14.9s:
P=0.642) (Fig Ib). Improvement was thus
eleven-fold greater (P = 0.001) for those of
II'than for those of DD genotype.

Genotype-dependent  improvements
were unlikely to be due to changes in in-
dividual muscle fibre size and strength
(which need more than three months of
specific strength-training to occur) or
altered co-ordination, neural firing pattern
or recruitment of fast motor units (given
the lack of specific training for the test
task)*". Increased performance is therefore
most likely to be due to an improvement in
the endurance characteristics of the tested
muscles.

The association of the I allele with
improved endurance might derive from vari-
able increases in substrate delivery due to
increases in cardiac output and muscle capil-
lary density; from changes in the nature of
substrate used, due to a differential shift to
stored fatty acids as fuel’, or in the efficiency
of substrate utilization relating to altered
muscle fibre type; from altered mitochondri-
al density, or from raised musce myoglobin
content™"", Elevated catecholamine, cortisol
and growth hormone concentrations may all
increase the availability of oxidative fuel ",

Further work will be needed to deter-
mine whether this correlation holds beyond
the limited group studied here and to ex-
plore the mechanisms underlying these
observations.
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Table II. Studies in athletes associating the ACE insertion/deletion (I/D) genotype with sporting performance

Study Cohort No. of subjects Performance® Outcome measure®  Association with  I/D associations
and ethnicity performance

Amir et al.[42] Runners 121 Israeli Elite Performance Yes D and endurance

Cam et al.1*5] Sprinters 88 Caucasian Non-elite Performance Yes D and short distance

Cerit et al.[46] Army 186 Caucasian Army Performance Yes D and short duration

Colakoglu et al.[47] Athletes 99 Caucasian Non-elite Performance Yes D and strength

Juffer et al.[48] Footballers 52 mixed Elite Prevalence Yes D more prevalent

Lucia et al.1*?] Cyclists 50 Caucasian Elite Performance Yes D/D and endurance

Munisea et al.[5% Mixed 141 mixed Elite Prevalence Yes D/D and endurance rowers

Winnicki et al.[51] Mixed 233 mixed Sedentary Performance Yes D/D and sedentary lifestyle

Nazarov et al.l®! Mixed 217 Caucasian Elite Sport performance Yes D/D and short distance

Costa et al.l52] Swimmers 72 Caucasian Elite Prevalence and Yes D/D and short distance
performance

Woods et al.[34 Swimmers 102 Caucasian Elite Prevalence and Yes D/D and short distance
performance

Giaccaglia et al.[53! Elderly 213 mixed Sedentary Training Yes D/D and strength

Zhao et al.[54] Army 67 Chinese Army Performance Yes D/D and VOomax

Tsianos et al.[5% Climbers 284 mixed Elite Performance Yes | and high ascent

Gayagay et al.[?1] Rowers 64 Caucasian Elite Prevalence Yes | and endurance

Myerson et al.2°] Runners 91 Caucasian Elite Sport performance Yes | and endurance

Montgomery et al.l!! Army 78 Caucasian Army Performance Yes | and endurance

Collins et al.33 Triathletes 166 Caucasian Elite Performance Yes | and endurance

Hruskovicova et al.l5¢! Runners 445 Caucasian Elite Performance Yes | and endurance

Cieszczyk et al.l57] Rowers 55 Caucasian Elite Prevalence Yes | and endurance

Min et al.[58! Track and field 277 Japanese Non-elite Prevalence Yes | and endurance

Rankinen et al.[3¢ Mixed 192 Caucasian Elite Prevalence and Mixed | and endurance

performance

Continued next page

-
Puthucheary et al., 2011 W
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Table Il. Contd
Study Cohort No. of subjects Performance® Outcome measure®  Association with /D associations

and ethnicity performance
Tsianos et al.[% Swimmers 35 Caucasian Elite Performance Yes | and endurance, D and short distance
Cam et al.159 Runners 55 Caucasian Non-elite Performance Yes | and endurance, D and short distance
Moran et al.l5%! Mixed 1027 Caucasian Adolescents Performance Yes | and endurance, D and strength
Thompson et al.l8") Climbers 139 Caucasian Elite Prevalence and Yes | and high ascent

performance

Hurlbut et al.[62] Sedentary 40 Caucasian Sedentary Training Yes | and insulin requirements
Dekany et al.l63] Mixed 50 Caucasian Elite Performance Yes | and metabolic efficiency
Williams et al.[64] Army 58 Caucasian Army Training Yes | and metabolic efficiency
Kim et al.l*4 Power athletes 155 Korean Elite Sport performance Yes | and power
Kritchevsky et al.[55] Elderly 3075 Caucasian Sedentary Activity Yes I/l and mobility limitation
Goh et al.|%6] Rugby players 17 Singaporean Non-elite Performance Yes Il and VO,max
Alvarez et al.3?] Mixed 60 Caucasian Elite Prevalence Yes | and elite status
Turgut G et al.l67] Mixed 160 Turkish Athletes and sedentary  Prevalence Yes | and athletes
Scott et al 198 Sprinters 230 African-Americans  Elite Sport performance  No
Sonna et al.[%% Army 148 mixed Army Training No
Frederiksen et al.|®? Elderly 684 Caucasian Sedentary Activity No
Scott et al.[7?l Runners 271 Africans Elite Performance No
Day et al.l”"! Sedentary 62 Caucasian Sedentary Performance No
Ohl72] Mixed 139 Korean Elite Performance No
Papadimitriou et al.7?'  Track and field 101 Greek Elite Prevalence No
Thomis et al.[74] Twins 54 Caucasian Sedentary Training No
McCauley et al.[”s! Active 79 Caucasian Active Performance No
Frederiksen et al.[6% Elderly 203 Caucasian Sedentary Performance No
a Elite performance status refers to athletes involved in competition at an international level. |
b Training as an outcome measure refers to an alteration in a pre-determined set of training exercises. % \NF

D =deletion; I =insertion; VO ,max = Maximal oxygen consumption.

Puthucheary et al., 2011
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(Yang et al., Am J Hum Genet, 2003)
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Variation in the myostatin gene linked to extreme muscle mass

(Schuelke et al. 2004)
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>=6.7 cm? 2=31cm?

Manchester
Metropolitan
University
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Eero Antero Mantyranta had a very high haematocrit due to a
mutation in the erythropoietin receptor gene (de la Chapelle et al.

Manchester
Metropolitan
University

1993)
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Home About Activities

Latest News

Ensuring the Free and Open
Sharing of Clinically Relevant
Genome Variants - A Statement
by the Human Variome Project
Consortium

Genetic tests for diagnostic, predictive and
screening purposes are a routine part of clinical
care in most modern health care systems, and as
we discover more about the genetic determinants
of our health, we can expect genetic testing to
‘become more prevalent. At the same time, new
technological advancements, lower costs and
increased training and education will see genetic
testing spread rapidly into routine clinical
practice in countries with, to date, less advanced
health care systems.

Read more...

A Global Alliance to Enable
Responsible Sharing of Genomic
and Clinical Data

Over 70 leading health care, research, and disease

advocacy organizations, including the Human
Variome Project announced today that they have
taken the first steps to form an international
alliance dedicated to enabling secure sharing of
genomic and clinical data to improve research
into the genetic basis of human disease.

Read more...

Publications

THE g "“b e

HUMAN VARIOME
PROJECT

sharing data - reducing disease

Recommendations Meetings

Join the Consortium

Individuals wishing to apply to join the Human Variome
Project consortium can register here.

Sign up to the HVP Transcript

Sizn up to the HVP Transcript to stay up to date with
the progress and achievements of the Human Variome
Project.

News Links Members

Upcoming Events

International Society for
Gastrointestinal Hereditary
Tumours - 5th Biennial Meeting
28-31 August, 2013

(HVP Workshop 28 August)

Cairns Convention Centre

Cairns

Australia

HVP5: The 5th Biennial Meeting
of the Human Variome Project
Consortium

19-23 May, 2014
UNESCO Headquarters
Paris, France
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CYAEBHO-MEOWNUNHCKAA
JKCIEPTUN3A

* UaeHTNPUKaumMa TINYHOCTH

* YCTaHOB/NEHNEe KPOBHOIO POACTBA



Metoa AHK-duHrepnpunr

JNNHR-aaKTMNOCKONUA, MeTod «OTNEe4YaTKoB
nanbues AHK»

[lpeanoxxeH B 1987 roay

HenocTaTKu

- TpynoemKmnm n KanpmsHbln

- Tpebyetca bonblioe Konmnyectso JHK
- CnoXXHaa cuctema KOHTpOAA



MpnHUMN NAEHTUPUKALNN NNYHOCTU: aHANN3
JIOKycoB, coaepxalwmnx STR (KOpoTKMe TaHAEMHbIE
NOBTOPbI)




Konnyectso nokycos (STR), Heobxoammoe
ONA UAEHTUPUKALNN TINYHOCTHU

MwuHumym — 4-5 noKycos

Ctanpapt CODIS (C

A) — 7 noKycos

CtaHgapT CODIS B cnyyae ocoboun BarKHOCTU —

14 NOKycoB

Bcero nssectHo okono 30 000 noKycos,

coaepXxawmx STR



[1B8a stana AAHK-anarHoctukmn B cyaebHo-
MeANLNHCKOU IKCnepTmn3e

* BbiABneHmne coBnaaeHmn

Ecav coBnaaeHumaA BbisiBNEHbl, TO HEOOXOAUM:

* PacyeT BEpOATHOCTU TOTO, YTO COBMaAeHUE He
C/Iy4anHO



Heobxoammasa TOYHOCTb

99,98%- Tourocs

MAEHTUPUKaLNK

0,02% wnn
1u35 000 — BEPOATHOCTb

C/lY4auHOro cosnaaeHus



OMNPEAENEHUE
KPOBHOTIO POACTBA

* B95% cnyyaeB — BONpOCHI
CNOPHOro OTLOBCTBA






[lpaBUIa onpoBepKeHnA

* [1nA onpoBepXeHnAa OTLOBCTBA B reHOME
pebeHKa n npeanosaraemoro otua A0MXKHO
ObITb BbIIBNEHO HECOBNAaAEeHUE MO KpanHen
Mmepe No ABYM JIOKyCam
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WATCH

Rigorous sport
Roger Mosey

3 April 2006

Sport is a massive international business, and it
makes globalisation real every time you see a
Manchester United shirt in the Far East or
Africa. The total world market generated by

sport is estimated to reach $111 billion by

2009.




Forbes

The World's Top-Earning Athletes

Kurt Badenhausen
October 26, 2007

July 2006-June 2007

1. Tiger Woods
Earnings: $100 million
Sport: Golf
Nationality: American

5. Michael Schumacher
Earnings: $36 million
Sport: Auto racing
Nationality: Germany

9. (tie) Ronaldinho
Earnings: $31 million
Sport: Soccer
Nationality: Brazilian

11. Valentino Rossi
Earnings: $30 million
Sport: Motorcyling
Nationality: Italian
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Effects on organ systems/tissues e NSTILULE

= Heart

= Bigger — greater stroke volume
= [ncreased maximal cardiac output

» Blood vessels (in the heart & those skeletal muscles that have
been trained):
= More capillaries
= |mproved dilatory capacity

2nd WADA Gene Coping Symiposium, Kaminska InsTabet 3 mal 2006 4
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Effects on organ systems/tissues

= Blood

» |ncreased total amount of red blood cells

= Even larger expansion of plasma volume
- == reduced blood count in a blood sample

= Adipose tissue
» Reduced amount

= Connective tissue/bone/cartilage
= |ncreased amount/strengthened

2nd WADA Gene Coping Symiposium, Kaminska InsTabet 3 mal 2006 5
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Effects on organ systems/tissues

= Endocrine system

= |nsulin sensitivity
» Catecholamine & Growth hormone responses to exercise

= Skin
= |mmune system
= Lungs

= Nervous system/brain

2nd WADA Gene Coping Symiposium, Kaminska InsTabet 3 mal 2006 E



A By
-

J’ﬁ;_g %

-‘n'

== Karolinska
z Institutet

:ﬂI :lh-'i .3-

Effects on skeletal muscle

= T # & volume of mitochondria
= T capillary amount

= T glycogen storage
= T insulin sensitivity/ glucose transport capacity
= | proportion of type lIb/x-fibres

2nd WADA Gene Coping Symiposium, Kaminska InsTabet 3 mal 2006 T



What factors regulate human muscle performance - genes ?? _\e*"‘
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» No agreement yet on ‘key genes’ using population genetics

- Difficult to validate — separate population studies required BN, St 200

2nd WADA Gene Doping Symposium, Karolnska insttutst 8 maj 2006 3
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> 500 genes ‘activated’ by exercise in humans
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Possible methods and approaches for doping
to enhance athletic performance

-Gene Therapy

-Targeting of Signaling Pathways and Gene
Regulatory Elements

-Introduction of small interfering RNA



Gene therapy -

the transfer of genetic material into a cell, tissue, or whole organ,
with the goal of curing a disease or at least improving the clinical
status of a patient.

Gene Therapy:




Gene transferring methods

Nonviral vectors
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Efficient expression of adeno-associated virus
vector carrying human minidystrophin genes in
mdx mouse model

Expression efficacy < 88% cells




Efficient expression of lacZ and human
minidystrophin genes delivered by polymer
microspheres to mdx mouse muscles

Expression efficacy < 18% cells




Gene therapy and vector construction

Viral New Viral
DNA Gene DHNA

HATDR

@  Modified DNA injected
into v 1 f

*

Vector binds to
cell membrane

- down releasing

Cell makes protel
using new gene

U.S. National Libran GREOEGIEHE

http://ghr.nlm.nih.gov/handbook/illustrations/therapyvector
http://www.microbiologybytes.com/virology/peel/peel3.html
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Drug targeting of signaling pathways,
genome regulatory elements etc.

Wild type

Myostatin
knockdown




IAVAAAS

MYOSTIM
Myostatin Binder
Enhance muscle tissue growth

Today, we are standing at the forefront of the greatest discovery
for athletes in the last fifty years. Recently researchers have
discovered the primary gene for the control of muscle. They call it
myostatin. This compound binds strongly to myostatin, thereby
deactivating it.

This discovery made it possible for Champion Nutrition to begin
work on the first product ever specifically designed to bind
myostatin in humans.

MyoStim™ — the first generation of the new age




Myostatin Null Cow




Myostatin Null Human

Neonate N / e = 7 Months




Small interfering RNA

©20-25 nucleotides
cdouble-stranded RNA molecules
cinhibition of gene expression

0> O>
P
Cell @@ > o LLOC LTy, o

Cytoplasm 32

CaZl) Schematic representation of a SIRNA molecule: a ~19-
Silencer 21basepair RNA core duplex that is followed by a 2
plasmid nucleotide 3' overhang on each strand. OH: 3' hydroxyl;

transfection P: 5' phosphate.

RNAselll cut

oL 5|RN:\ /4 mRNA degradation

targeting
mRNA

Silencer >
transcription

Transcnptlon

DN NN NN (NS SN\ Translation

Nucleus Gene Target

http://en.wikipedia.org/wiki/Small interfering RNA



http://upload.wikimedia.org/wikipedia/en/a/a9/SiRNAvitro.gif
http://en.wikipedia.org/wiki/Small_interfering_RNA

Genes of Interest:

Myostatin (WMSTN)

Erythropoietin (EPO)

Insulin-like growith factor | (IGF1)

Peroxisome proliferator-activator receptors (PPARS)

Other genes (which associated with enhancement of
athletic performance)



What are the motifs that can be used as objects
for genetic doping detection?

°A) sequence of vector elements

*B) sequence of cDNA (foreign DNA)

oC) expression profiling

°D) antibody for foreign proteins or constructions

°E) complex approaches



Problems of detection

Low concentration of target DNA/RNA sequences in the sample

Difficulty of regulatory elements analysis (promoters, enhancers,
silencers, terminators, exon-intron boundaries)

Possible use of new target genes and new methods of transfer
Detection of end-product is impossible

Low stability of the material



Requirements for antidoping gene analysis:

o Simplicity of sample collection
e Non-invasive (desirable)
o Sufficient sample quality

°Opportunity to divide the sample for 2 identical tests



Which biological material can be used for the
molecular genetic analysis?

* Blood
°* Urine
° Saliva

* Biopsy



The Best Method — direct analysis of DNA
sequence

Possibility to detect primary sequences

Opportunity to analyze regulatory elemenis
(orornoters, enhancers, silencers,
terminators, exon-intron boundaries)

Simplification of the analysis (decreasing
nurnber of steps)

DNA is more stable than RNA

Direct method of gene doping detection



MODEN TECHNIQUES OF DNA ANALYSIS

PCR +

Seque"cwng FC'S (XMA p) MALDI-TOF mass




Proteomics

Sample Preparation 2-D Electrophoresis Spot Detection & Image Analysis

| S AL LA o -
- - - - -

Peptide Sequencing via MS Database Search
(IV) (V) (VD)



Post Translational Modifications

Table 1. Some comman and imporlant post-lranslalional modilications

PTM type AMass® (Da) Stability® Function and notes

Phosphorylalion Feversiole, activaliondnacivation of 2naywne aclivity,
p-T:,fr +A0 +++ mad lalicn of maolecylar inferacticns si: nnling
pSEr, pThr i Hi+

Acetviaticn +4 7 +++ Frotein stabilty, protection of W fermirus. Recqulation of

prateir—DNA interactions (hislonas)

FMethylation +14 44 Regulation of gena expressicn

Acylation, ity acid modilication Cullular xzalizetion and targeling signals, mambeame
Farmesyl +20d o telbering, madialor of protein—prote n inleractions
hyristcn F210 4
Falmitoy| +238 i+
Wi,

Glycoaylation

k-linkod =500 +++ Excruicd protcing. ol ool recognition/signaling
- linked 403, =B0C *iee O-GlohlAc, reversible, regulatory unclions
F1 anchaor =1.000 -+ Glycoeyiphosphatidylinositol (GP() anchor, Membrane
telbaring of anzymas and receplcrs, ma nby & eder lealle
of plasma remsrans
Hydroxyaroling +16 ik Frotein stabilty and protein—ligard interactions
Sufatian (3 Tyr) +&0 + hodulator of protein—protein and receplor-ligand Interect ona
Maulfide bond formation =7 ++ Infra= and intermalecu’ ar crossink, protein stahiiby
Daanidation +1 +++ Foexible regqulator of proten-ligand amd protein-orolein

interacticns, ales B camman charmical artifact

Pyroglutam c acid =17 o+ Frotein stabilty, blocked M tarminus
Usiquitination 1,000 +++ Diestruction signal. After tryplic clgasticn, ublquitington sl

is rmexcdifived with g Gly-Gly diegplice Mann and
Ntration of yrasing +45 e+ Uidetive demage durng inflammation Jensen, Nature
a7, rhe coMTprenengive lis! of FTM Amaes valuee 2an be found at Wb orginde efmidm.nema Biotech. 21, 255

EEtanilty + labvle in tandem mass specirometry, +4+ moderatsly ssable; #4+ slable {EDDS}



