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KaK IPEACTAaBUTh PE3YJIbTAThI TAK,
4TOOBI OHU HPABUJIKCH HE TOJIBKO HaM,

HO 1 B MUHHUCTCPCTBAX
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. ®OUII «MhccaenoBanus ¥ pa3pad0TKH MO MPHOPHUTETHLIM
| HampaBJICHHSIM Pa3BUTHA HAYYHO-TEXHOJOTHYECKOI0
N komiLiekca Poccuu Ha 2007—2012 roasi»

Jlot Ne 2. 2011-1.2-512-014. Pa3zpa0oTka MOCTITeHOMHBIX METOJ0B IJI1 MOJIEKYJISI PHO-T€HETHYECKOM JUATHOCTHKHU
COMATH4YeCKHX 3200/1eBaHU
Pa3zpabarbiBacmasi MOJNEKYISIPHO-AUArHOCTHYECKAS TECT-CUCTEMA JIJII paHHEH
JTMArHOCTUKHU T€HETUYECKOM MPEIPACIOI0KEHHOCTH K Pa3BUTHIO 0CO00 OMAaCHBIX
HUWMU o61ueii marosoruu u U PACIpOCTPAHEHHBIX 3a00JIEBAaHUI 00ECIIEUHT CIAEAYIOINE TUarHOCTHYECKUE
17 | natoduzuonorun PAMH XAPAKTEPUCTUKH:
1. crenuranOCTh - HE MeHee 80%;
2. YyBCTBUTEIBHOCTH - HE MeHee 83%;
3. TouyHOCTB - HE MeHee 90%;
BbICOKUH (10 98%) ypoBeHb HHPOPMATHBHOCTH
THUU reseruxy u ceqexpy | (IYBCTBUTEIBHOCTS/CHCIM(PUIHOCTH) CO31aBACMBIX CHCTEM MOTHUMOP(HHBIX
o3 T — MapKEPOB, OCHOBAHHBIX HA MICHTHMHKAINI STHOJIO TICCKAX BADHAHTOB TCHOB-
p 1 “BaeMoro HOBOToO crocoda
MUKPOOPraHu3MOB O .7 My nuadery tuna 1 (95% unu
YCM I3TO OHMHA !
_J4MX TOYEK» - MyTallUi 1
Poccuiickuii OHKOJIOTMUECKUN | 3HAYMMBIX TOJTUMOP(HBIX BAPHAHTOB, BOBJICUCHHBIX B KaHIIEPOTeHE3
32 | nayunslii nentp umenn H.H. | HacineacTBeHHBIX U cIOpagudecKux GopM paka MOJIOUHOM >Kele3bl, paka
binoxuna PAMH SAUYHUKOB U PAKA IIUTOBUAHOU YKEIIE3bL;
|-onpenenenne 4yBCTBUTENBHOCTH U CEU(DHIHOCTH | IPUMEHAEMBIX METOIHK
Jlot Ne 6. 2011-1.2-512-027. UccienoBaHue BAPUAHTOB FeHOB, ACCOIIMMPOBAHHBIX € YCTOMYNBOCTHIO U
YYBCTBUTEJIBHOCTBIO YeJI0BEKA K BO3/1€iICTBUIO Pagualluu
57 Bricokuii (10 98%) ypoBeHb HHPOPMATUBHOCTH
I'HUU renetuku u cenekiuu || (4yBCTBUTEIBHOCTE/CICIM(PUIHOCT) CO3/IaBAEMBIX MOJICKYIISIPHO-
POMBIIIJIEHHBIX TeHETUYECKUX CUCTEM, OCHOBAaHHBIX Ha UACHTU(HUKAIIMKA BAPUAHTOB T€HOB-
MHKPOOPTaHU3MOB KaHAUAaTOB. BrIcOKas 4yBCTBUTEILHOCTh HOBOTO CIIOCO0A TMATHOCTUKHU
YCTOWYMBOCTH YeJIOBEKA K BO3ACHCTBUIO paauanuu (95% wmu Goree).




YyBCTBUTEJIBHOCTDH — CHICHU(PUIHOCTD:
crapble 100pbie MEIUIIMHCKUAEC IOHATHSA

YyBcTBUTENBHOCTHD (SE) — 3TO 10719 HOCUTEIEH MapKepa cpeau OOJIbHBIX
(Tect cpabotain!)

CnenuduaHoctb (SP) - 3TO 10715 310POBBIX, KOTOPBIE HE SIBIIAIOTCS HOCUTEIIEM
Mapkepa (Tect cpadoran!)

Cnyyau, Koraa
Mapkep cpabdorain
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Cny4au, Korja
HyBCTBH1 yapkep ne cpaboran Cnemudpuunocts = 0.9




SE vs. SP:
IPOTUBOOOPCTBO NMOKAa3aTeJaen

MapKep y BCEX,

@\ Wf‘r* WP[' \qu'w NW'

Bce 6e3 mapkepa,
Y BCE 3710POBbHI!

1 BCE OOJIbHBI!
SE=1, SP=0

SE=0, SP=1

Cneunq)uqnocn, yBCTBI/ITe.HLHOCTI) :

BoiurpeiBas B 4yBCTBUTEILHOCTH,
OOBIYHO TEpseM CEUUDUUHOCTD (et converso)



Taxk 4TO0 BaKHee:
YYBCTBUTEJIbHOCTDH UM CHEU(PUIYHOCTD?

Tect noimKeH OBITH BEICOKOUYBCTBUTCIBHBIM, €CIIH
Ba)XHO HE IIPOMYCTUTh HUA OJHOTO 00JILHOTO (IIyCTh
Iake OyJeT TUIepAruarHOCTHKA).

! TecT nomKeH ObITh BEICOKOCTICIIU(UIHBIM, €CJIM BaKHO
HE OOBSBIIATH 3I0POBOTO OOJIBHBIM (CEphE3HAs
IICUXO0JIOTHYECKasl TpaBMa JINOO CUJIbHBIC TOOOYHbIC
3(P(EKTHI J€UCHUS — THIIEPAUAarHOCTHKA HEXKEIaTeIbHA)

Bce 3aBUCHUT OT CUTYyalldM, HO KPOME TOTO CYIIIECTBYET

IIpOCTOM U 3(P(HEKTUBHBIM ITOKA3ATEIb IPOrHOCTUYECKUX
BO3MOKHOCTEH MapKepa (0TiIndarh 00JIBLHOTO OT 3JJ0POBOI0):

|

se |[ AU
C

Area Under Curve? 1
0 1-sp 1




IHouemy BeauuuHa | AUC=(SE+SP)/2| xapakTepu3yert
IPOrHOCTHYECKYIO 3(p(PeKTUBHOCTH MapKepa?

bepem
1 3mopoBoro u 1 60JILHOTO

bes ucrnonb3oBaHus MapKepa
— BEPOATHOCTb yralars,
KTO €CTh KTO = 1/2
Mcnonp3yeM TECT U HOCUTEIS MapKepa 00bIBIIIEM O0JIbHBIM

Q Q : BEPOSTHOCTD yraaarh,

KTO €CTh KTO0 = AUC
B kauecTBe GOILHOIO BLIOUPAEM:

Q Q - 06010 AUC [IporHocTrudeckas IEeHHOCTh
AUC — 3T(€§£§?HOCT§ 0.5 Cny4daiiHpIi Ki1acCU(HUKATOP
< oro
AR L0 H0: ro of 0.5-0.6 [Tmoxoi kinaccudukarop
300POBOTO, OPUEHTUPYSICH
Ha \v‘< - C MapKepoM 0.6-0.7 Cpennuii Ki1accupukaTop
0.7-0.8 Xopommi KiacCu(phukaro
AUC>1/2, eciu OR>1 D duarop
>0.8 OTau4HBINA KJIaCCUDUKATOP




A 3a4eM Bce 31T0?

REVIEW ARTICLE
OtaocurenpHasg nojie3soctb OR 1 RR

OrpanndeHHas nojae3HocTh OR MpH MCTIOIB30BaHUY TMATHOCTUYECKUX U
MMPOTHOCTUYECKNUX MapPKEPOB

Mapkepsl ¢ BOCIPOU3BOAUMBIMEU 3HAYUMMbIMU OR MOTyT OBITH
MJIOXUMU KJIacCUu(UKaTOpaMHU

Y = F - b = = IS
PUDF C m ass i‘ - E “clinical validity) namely the sensitivity,
g - - HO Ty CTOpOHy OR _ pI/ICK gpeciflctiy, and posttire and negative pre-
dictive values associated with a genetic
[roprneg Tttt 3200JICBACMOCTH Ha OCHOBE peofile”. Thess pasametecs, deflosd

more detall below, summarize the abil-
Ity of tests that are based on the genetlc
profile to discriminate between those
who will develop disease and those who

w L will mot, as well as thear abality to pradict
...Openib MeX1y CTaTUCTUYECKON 3HAYMMOCTBIO 1 [ individual risk®,

o o Wi focus on ¢l | validity and
JIMarHOCTUYECKOM TUCKPUMHUHAIUEH b gyl
UlﬂgnUSUE discriminatio

—— T€HETHYECKUX MpoPuien

Inwited critical review

ADSITACT | | Ne Drisk dIScoveny of Novel iNhented disease markers by genome-wide  of marker-disease assoclation typically

association (5WA) studies has reized expectations for predicting diseaszs rizk by _"?F“:'m‘i ”' t!"? dls.c?}rer}!r‘pha;:;fcﬂi-l
L
Wi studles

ITpOrHO3 reHeTHYECKOTO PUCKA — YMEEM JIM MBI YKE OTO JIeIarh ? r iy

Ing to design
Peter Kraft, Ph.D., and David |. Hunter, MB., B.5, 5c.0., M.P.H. rse (the
Aation that
1l have to

major goal of the Human tests of genetic predisposition to  est relative risks are almost cer-
Genome Project was to facili- Important diseases would have tainly ovemepresented in the first
tate the identification of inherit- major climical, social, and econom- wave of findings from genome-




George Poste, chief scientist at the Complex Adaptive Systems
Initiative, and Regents professor of health innovation

at Arizona State University
Hamecreue OuomMapkeposB

- Nature , v 469, 2011
( He 6osnee 100 \ /{ 150 000

Good association 1s usually a necessary,
but not a sufficient, condition for good classification

o o
IIpod. Anekceit Konapamios,

Life Sciences Institute, University of Michigan
Merarpant-2010 (MI'Y). Jlekus B [Toaut.PY (2010)

«IBOIIOIMOHHAS OUOJIOTHS YEJIOBEKA U OXpaHa 30POBbS:

Hanex bl 90-x He onpaBaanuck: srmoxa GWAS Oykcyer

«Y mens 10-15 reHoB npeapacnoaoKEeHHOCTH?
B sToi nH(opManiyu 04eHb Majiao MPOKy ! »



4 .o I
[IprnunHa rmapagokca B HU3KOM YyBCTBUTEIBHOCTH TECTA:

0( 50/500=0.1, 1.e. Tonbko 10% OOIBHBIX A
SBIISIIOTCS. HOCHTCIISIMH MapKepa

\ J
[TonynsammonHoe oocaenoBanue: | 1000 uenosek | 3aboneBaemocth — 50%
500 0OaBHBIX —~ £’ 500 3op0BLIX

[ Cynepadpdexr! }

50 ¢ mapkepom | | 450 6e3 mapkepa 5 C MapKepoM 49-5 0e3 Mapkepa

CKoJBKO pa3 TeeT cpadboran? BeposSTHOCTE TOT0, YTO CIydaitHO
BBIOpAHHBIN YEJIOBEK-OyJeT MIPAaBUIbHO UASHTU(PUIIMPOBAH PABHA: gy
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Pa30epeMcsi B MCXOAHbIX IOHATHAX:

BCE HQUMHAECTCS C TAOJMIIBI CONPSIAKEHHOCTH 2%2:

boarHBIE
Case

Hocurenun
Mapkepa

CBOOOIHBI OT
MapKepa

[TonmynanuoHHas

| 4acToTa Mapkepa




Nurepnperanus B TepmuHax omuoOok I u I1 poaa

boarHBIE
Case

[ Tect cpaboran! }

D,

Hocuremm
Mapkepa

\Y|

CBOOOIHBI OT
MapKepa

TecT He

cpaborai:

noKa

IImoxoBaro 3amoOMHUHAETCH -

Jy4Ille YacToTa MapKepa

{ cpeau OOJIbHBIX

ponaa

False
Negatlve

True
Positives

3;[0p035( Tecr me |
Contro| cpa0orai:
omImoOKa

[ pona

"



bHMHApPHBIA TECT: BBIYMCICHHUE II0KA3aTe/1eH

aCCOII]/I/Ile)Ba_HﬂiLM_DﬂCKQ

Jloyis nyp cpean
1 Ilokasarenu accouuup OJNOHAMHOK, 3TO HE TO XKe
caMoe, YTo J0JIs

S OJIOHAWHOK cpeau ayp!

] Ilokasarenau pHCKOB:

Bo Bce L
- &
D OILICHUTH TOJIBKO gu/ ,ﬁHe
P B— IIAHCOB L
M |a: | (biT 3
T > «AOCOJIIOTHBIE» PUCKHU:
@gg’a i T10JIsT OOJIBHBIX
'/ N J
cpeau M u
g N
— _ v
——
YyBCTBUTEIBHOCTD U CHIEIIU(PUUHOCTD: OTHOCUTEIBLHBIN PUCK:

He Bce »TH nmoka3arenu nmoagarTcs HGHOCpGI{CTBCHHOﬁ OIICHKC —
BCC 3aBHUCHUT OT z:maﬁﬂa OKCIICPUMCHTA




JIn3aH acCOMATUBHBIX UCCJIET0BAHUN

Brioopka 1 |Beioopka 2

D

Bribopka 1 M HaGkipacm BHIOODKY,, ] . .

sapatiee He- 3Hasm; KT¢
QoJtett # KTo HOCHTEHb
[ ! . 1

Bei0opka 2 .\ | MapKep

______________________

| m===q=-=== >

e

OOBIYHO
«OKCTIOHUPOBAHHBIC -
KOHTPOJIb)

d  Cohort study:
OA00P I'PYIIT «C MAPKEPOM — 0€3 MapKepa»

d  Population study:

* Penkuit Bapuant
cily4daiiHasi BbIOOpKa 0e3 1mojodopa rpymi

Y
Q Case-control study: nggg&*g;fggﬁ?
oA00p TPyl «OOIbHBIE-3/I0POBBIC) O ——
g
-
g
: L (moporo!)




P, — BCTPEYaeMOCTh (pacrpoCTPaHEHHOCTh) 3a00ICBAHHST
P\, — TOMYJSIIIMOHHAST BCTPEYaEMOCTh (4aCTOTa) MapKepa

Study OR RR SE | SP | p, Py
Case-control | ? \ \ ? ?
Coh()/r‘r N N L
IIpu case-control MbI HE MOYKEM OIICHUTH
Popula 3200JI€Ba€MOCTb M YaCTOTY MapKepa
HEIOCPEJCTBEHHO B CBOEM IKCIIEPHUMEHTE

OnHako B OOJBIIMHCTBE CITy9acB B OTHOIICHUH p_ U P,
UMeeTCs anpuopHas nHdopmaiys (3MUIeMHUOIOTHUECKUE
CIIpaBOYHHMKH, 0a3bl JanHbIX PubMed, HapMap u T.1.)

HACUT

3uast OR, p, ¥ p,, MOXHO OIICHUTH BCE OCTAJbHBIC OKA3ATEIH

(HarmpuMep, OTHOCUTENbHBIN pUCK RR miis case-control)



Ha 410 MOXHO PacCYUTHIBATH, HCIIOJIb3YS

H

OMHaApHBINT

Mapkepa?

Kakumu Moryt 651:{ [Tpu OR > 1: }:(/'I/I(IDI/I‘IHOCTB 1 PUCKH

N neanbHbi Mapkep

Mapkep He {

11 OMHap

SE>p,, H

SP>1-p,, KPanHOCTH:

D

M

A

0

0

d

OR=RR=0o0 AUC=1

B xaxn
MIPOU3BEACHU
«BCTPETUTDH —

CHEU(PUUHOCTH OOJIBIIIE HYJIS AaXKe
B OTCYTCTBUH aCCOIMAIIAN

YUyBCTBUTENBHOCTD U

M

o/

Pym Pp

pM(l_pD)

(l_pM)pD

(l_pM) (l_pD)

OR=RR=1 AUC=1/2



3aBHCHMOCTD YYBCTBUTEJIbHOCTH OT p U P,
npu pukcupoBannoM OR (=5)

AT
v ‘

Y ‘

] UyBCTBUTEIBHOCTH CJIE€TKA YOBIBACT
IpY YBEJIMYECHUH 3a00J1€BA€MOCTH

qYBCTBI/ITeJIBHOCTB MHHYC
«TYBCTBUTCJIIbHOCTDL B

B UaCTOThI BCTPEUAEMOCTH MapKepa U IPOU3BOJIBHO
MaJia JiJIsd peIKUX MapKepoB Jaxe npu 0onpmmx OR

Ol ™=




3aBHCHMOCTDb CIENH(PUIHOCTH OT p U P,
npu GukcupoBaHHoM OR(=5)

CrneuuuyHOCTh MUHYC
«CHeUu(PUIHOCTD B
OTCYTCTBHUH aCCOIIUALIAIN
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BeaunynHa MakcuMaJIbHO

BO3MOKHOTO AUC He 3aBHUCUT OT

T T T .
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IIpu kakux OR mapkep sABJISAETCHA XOPOIIUM
KJacCuPUKATOpPOM?

Korga OR>5, a yactora mapkepa He meHee 30%:
——> OR>54

[Ipn Hu3kux OR (< 2.5) Mapkep SABISIETCA 3aBEIOMO IMJIOXUM
KJIAaCCU(PUKATOPOM IIPHU JIFOOBIX YacToTax 3a00JIeBaHUS U MapKepa:

——> OR<24 <

Ilpu p,,-OR << 1
y

9YBCTBHUTCIBHOCTDb TCCTA 3aBCIOMO MaJia .




Ilouemy BbIcOKOe OR He Bcerga rapaHTUupyeT
3¢ (PEeKTUBHOCTH NPOTrHO30B,

U KOI1a MOA00HO0€E MPOUCXOAUT? "
2\

.
[Ipy HU3KOM YaCTOTE BCTPEYAEMOCTH MapKepa
TECT MPOTHOCTHYECKU HEedPPekTuBeH. TouHee ...

| )

S
: JaXKe Ipu 04eHb 0oJbInX OR MapKep SBISIETCA IIJIOXHAM -
KJIACCH(UKATOPOM, €CIti p, / p;<0.2 (torna AUC<0.6)

| | / B i )
—- —- 2% MaJio

M| so | (s

op s 0 i _ £
et D { BosbmeM kpgh 4/1 )

J

D) - AUC—1/2
\Y| P Py i pM__)O’
M X0Td OR=00

1. | 1-p, -
PpPy Pp Py




[TonynsuruoHHOE 00CIEAOBAHHUE:

N emie 01HO 00CTOATEILCTBO

OR=11, HO 3TO HE COBCEM OTHOCHUTEIbHBIN PUCK
(KOTOPBIM MTOKa3bIBAET BO CKOJIBKO Pa3 3a00JI€BAEMOCTh BBIILIE Y HOCUTEIECH MapKepa)

500 0OJIbHBIX —~

1000 gestoBEK

3aboneBaemocTh — 50%

500 3m0poBBIX

[ OR=11, p=7-10" }

50 ¢ mapkepom

450 6e3 mapkepa

Jloist OONIBHBIX CPEAr HOCUTEIICH MapKepa =

5 ¢ MapKepoMm 495 6e3 mapkepa

JloJ1s1 O0JIBHBIX Cpe CBOOOJIHBIX OT MapKepa =

OTHOCHUTENBHBIN PUCK =




OR 3aBbllIaeT OLIEHKY OTHOCHTEJIBLHOI0 PUCKA

-------

[Ipu OR>1: RR (Bcernal)
RR
L OR
3 | RR
d RR=OR o 1
npu OR<5 u 1
Pp <0.05 - XOpOIIas anmpoKcumanus s RR
_ («IIpaBUIIO TISITH) d
A
2 B //// /////
I I I I I OR




RR moxeT ObITHh CYIIeCTBEHHO MeHbIe OR

B ClTy9ae NIMPOKO pacnpoCTpaHeHHOro 3abomnesanus (p>0.1)
u pearoro mapkepa (p, < 0.05)

P,-320071eBacMOCTh

RR (ipu p,,=0.01)
@ M 0.001
T 0.01

-

Ecimu penxuii ren (MAF=1%) cunbpHO acconuupoBaH (OR=6) ¢ h

IIIUPOKO PACIPOCTPAHEHHBIM 3a00JIEBAHUEM, TO 3TO HE 3HAYWT,

4YTO HOCHUTEJIM 3TOTO I'eHa 3a00JIeBalOT B 6 pa3 yalie y

.

|

.

~

Ha camom nene Tonbko B 2.4 pasa yanie

J

4 L

2

| | :* | -~ OR
2 4 (6) 8 10




buHapHBbIE M KOJIHUYEeCTBCHHbIE MapKepPhbl (TECThI)

]  buHapHbBIU TECT:
MapKep «ECTb-HET

J  KoanyecTBEHHBIN TECT: —KOHTPOHB
MapKep ABISICTCS bonbHbIe
KOJIMYECTBEHHBIM o
[oKasarejiemM

YacrToTa

5 10 15 20

ITocne BeIOOpa

IIOPOTOBOTO [Ipu3Hak - Mapxep
3HAYCHUS MapKepa




KoJim4ecTBEeHHBIN TECT: BLIOOP MOpPOra

YacroTa
0.25
{— KOHTpOJII)]
0.2- | |~ BosbHbIe |

0.15. /

HU3Kas BBICOKASI
CIenH(pUIHOCTD YYBCTBUTEIHLHOCT
0.05
0l | . S IIpu3Hak -
MapKep

Huskui
IIOpOT



KojmnyecTBEeHHBIN TECT: w“‘w

YacrTora
0.25
BBICOKAS C--» : - 3
crenupuIHOCTD .-_ BI/ITe.Hbocn,
0.15-
HU3Kas
quCTBI/ITeHBHOCTB
0.1-
0005—
0 . ¥ - ITpusnak -
MapKep
Hwuszkun BrIicokuii

opor opor

Kak BbIOpaTh MOpOT, 4TOOBI COOTHOIIICHUE
4yBCTBUTEILHOCTh/CHEHU(PUIHOCTH OBLJIO ONTUMAJIbHBIM?



ROC - anaiau3s
Receiver Operator Characteristics

TepMuH BpeMEH 2-0M MUPOBOU
BOMHBI, KOTOPbIN NPUIYMAIIU
OIIEPATOPHI MEPBBIX PATAPHBIX
YCTaHOBOK

MACHINE LEA RNING Y[/

ROC ANALYSIS

DUMMIED

JO/N IN THE HOPING IT'LL GO
FUN! BAFFLE Mt%’rﬂ"

REl;/(fg’{ERS M
@?0) 8 CoBpemenHble npuMeHeHns ROC-aHanu3za: Comtiomous batn

CHARTS! f'é

Kak oTIr4uTh IIyM ¥ HOMEXH OT
BPaKECKOI0 caMoJieTa?

Monsgraphs on Statistics and Agplied Probabiity 111

MenunuHCKas JMarHoCTUKa, Paguoaorus U /
(bU3H0I0Tr U - :

Wojtek J. Krzanowski
David J. Hand

| Pacno3nasanue o6pasos,
MAIlIMHHOE O0y4YCHHE

[IpUMeTam



ROC — kpuBasi: 3apucumocrtb SE ot (1-SP)
[PHU IJIABHOM M3MEHEHHUH IOPOora

YacToTa
0.25

— KOHTpO/Ib

\ boabHbBIC

0.2

0.15-

0.1

0.05

1-SP

PHM3HAaK - MapKep
[Toporosoe < |
3HAQUYCHUC
ONOTHMalIbHBIN BEIOOp mopora: BeioupaeTcsa Touka Ha ROC-kpuBoii,
KOTOpas OJIMKe BCeX K JieBoMy BepxHemy yriy (0,1), T.e.




dopma ROC-kpuBbIx

|

1 Mapxkep HE paboTacT o |

J  WpacanpHbIN Mapkep .

J  1-w1 TECT NMyule, yem 2-ou  SE |

1-SP



AUC — MHTErpaJbHbIN MOKA3aTe/Ib
IMIPOrHOCTHYECKOU 3(PPEKTUBHOCTH MapKepa

|

AUC - 310 momaaes nog ROC-kpuBou
(Area Under Curve)

SE |

AUC

AUC = BeposSITHOCTb TOTO, YTO 3HAYCHUE
IpHU3HaKa-MapKepa y ClydyaiHO BBIOPAaHHOTO 1
O0JILHOT'O OOJIBIIIE, YEM Y CIIYyYarHO 0 1-sp 1
BBIOPAHHOTO 37J0POBOI0O

AUC
0.5 City4ailHbIi KJIaCCU(UKATOP
0.5-0.6 [Tmoxoi kinaccudukarop
0.6-0.7 Cpennuii Kinaccu(pukaTop
0.7-0.8 XOpoInii KJ1acCU(hUKATOP
>(0.8 OTanyHbBINA KJ1accuukarop

U=N,"N,”AUC - HenapameTpu4eckuit Kputepud MaHHa- YUTHH



Borunciaenus npu ROC-anaiau3e

\©)

[E—

3Ha4YECHUS MPU3HAKA-MapKepa

!

KoHTpob bonbHbIE




Boruuciaenus npu ROC-anaiaun3e

B Konrpon

B Bo.iLbHBIE

[y
n

[y
=

e
=
]
2
=
o
o
=)

0- 0.25- 0.5- 0.75- 1- 1.25- 1.5- 1.75- 2- 2.25-
0.5 0.75 1 125 15 175 2 225 2.

3HaveHHd Npu3HaKa (Mapkepa)




Bce neimaercsa B Excel:

KoHTpOosb bonbHbIE
HNuTtepBan " | Tlons & | Tloms SE Y
0-0.25 22 0.22 0 0
02505 | 22 | 022 31603
0.5-0.75 114 O 9 1.0.09 | 0.88 | 0.58
0.75-1 19 0.19 15 | 0.5
1-1.25 11 0.11 11 | 0.1
1.25-1.5 7 0.07 151 0.5
1.5-1.75 5 0.05 16 | 0. .6
1.75-2 0 0 10 | 0..0
2-2.25 0 0 11 | 0.1
2.25-2.5 0 0 5 1 0.05
2.5-2.75 0 0 3 1 0.03
2.75-3 0 0 2 1 002
3-3.25 0 0 0 O




Bce neiaercsa B Excel:

KoHTpOosb bonbHbIE
NuTtepBan " Tlons & | Tloms SE SP
0-0.25 22 0.22 0 0 1 0,22
0.25-0.5 | 22 0.22 3 1003|097 | 0,44
0.5-0.75 | 14 0.14 9 | 0.09 | 0,88 | 0,58
0,73 | 0,77
0,62 | 0,88
) 0,47 | 0,95
§ 0,31 1
=
5 ) 0,21 1
= 0,1 1
R 0,05 | 1
Fo.z 0,02 1
0 1
0 1

0.2

04

0.6

1-CnenmuguiaHoCcTh




Bce neiaercsa B Excel:

KoHTpOosb bonbHbIE
NuTtepBan " Tlons & | Tloms SE SP | L O.1)
0-0.25 22 0.22 0 0 1 022 |
0.25-0.5 | 22 022 131003 Do=—" A7
0.5-0.75 | 14 0.14 )
— ; ]
0,6 0,88
) 0,47 | 0,95
5 0,31 | 1
2 06 0,21 1
é 0,1 |
R 0,05 | 1
2 0.2 0,02 1
0 1
0 1

0.2

04

0.6

1-CnenmuguiaHoCcTh




Bce neiaercsa B Excel:

BbHBEI

NuTtepBan #KOHTIZ)(J:; 2on ILOJ; Ay SP | L O.1)

0025 | 22| 022 [ o[ o 1 [ 0,22 ]0,780

025-05 | 22 | 022 | 3 1003097044 [0561

0.5-0.75 | 14 | 0.14 [ 9 [0.09 [ 0,88 | 0,58 | 0.437
0,73 | 0,77 | 03551

0,62 | 0,88 [ 0,398

: 0,47 | 0,95 [ 0,532

g 031 | 1 [0,690

é ) 021 | 1 10,790

0,1 | 1 |0900

R 0,05 | 1 0,950

= 0,02 | 1 {0,980

0 1 | 1,000

0 1 | 1,000

0.2

04

0.6

1-CnenmuguiaHoCcTh

Haumensbiiee
PACCTOSIHUE 10
touku (0,1)

|




Bce neiaercsa B Excel:

KoHTpOosb bonbHbIE
HNuTepBan " Tlons & | Tloms SE SP | L O.1)
0-0.25 ( Onrumamsuoe | 0 0 | 0,22 | 0,780
MIOPOTOBOE
0.25-0.5 | Moporosoe 13 10,03 | 0,97 | 0,44 | 0,561
0.5-0.75 0.14 9 | 0.09 | 0,88 | 0,58 | 0,437
0.7501 | <4900 115101510731 0,77 1 0,355
1-1.25 11 0.11 11 u]/)f 0,88 | 0,398
1.7 79,95 | 0,532
11 Ilpu BEIOOpE 3TOrO 3TOrO MOPOTa, [ [ 0690
;| MBI IPaBUIIBHO UJICHTUPUIIIPYEM " 0’790
73% 060nbHBIX B 77% 310pOBBIX ’
28 1 0,900
2.25-2.5 0 0 5 | 0.05 | 0,05 1 0,950
2.5-2.75 0 0 3 1 0.03 | 0,02 1 0,980
2.75-3 0 0 2 | 0.02 0 | 1,000
3-3.25 0 0 0 0 0 1 1,000

Haumensbiiee

paccToOsHUE J0

touku (0,1)

|




Bce neiaercsa B Excel:

NuaTepBan #KOHTIZ)(J:; EOHB;I;I; AY: SP | L .0 AAUC
0-025 | 22 | 022 | 0 0 1 |0,22 (0,780 | 0,220
0.25-0.5 | 22 | 022 | 3 | 0.03 | 0,97 | 0,44 | 0,561 | 0,217
0.5-0.75 | 14 | 0.14 | 9 | 0.09 | 0,88 | 0,58 [ 0,427 | 0,130
0,73 | 0,770,355 | 0,153
0,62 | 5,88 [ 0,398 | 0,072
| 047 | 0,95 | 0,532 | 0,038
g 031 | 1 [0,690 | 0,020
20 021 | 1 |0.790 0
5 0,1 1 {0,900 0
S0 005 I |0950] o0
5‘0_2 0,02 1 0,980 0
0 1 | 1,000 0
0 1 | 1,000 0
0.2 0.6 A UC _ 085

1-CnenmuguiaHoCcTh




Ilpumep U3 paauanuOHHON IeHETUKMH:

Jlabopamopus sxonoeuueckou eenemuxu MOl en PAH



YacToThl XpOMOCOMHBIX a0€pparuii B 3aBUCUMOCTH OT T€HOTHUIIOB I10
KaHIUJAaTaTHBIM I'€HaM y JUKBUAATOPOB aBapuu Ha YADC u B KOHTpOJIE

KoHTpOB :

‘ ’L ' 15 1y OO ['eroTunupoBanue no 20 renam

::> penapanym, OKCUJIaTUBHOIO CTpeEcca
JIETOKCUKAIIMU KCEHOOMOTHUKOB

JIuKBUIATOPHI :
84 yenoBeka

PyTrHHBIN
[MUTOTCHETUYECKUU
aHaJIn3



YacToThl XpOMOCOMHBIX a0eppaliii B 3aBUCUMOCTH OT T€HOTHUIIOB MO
KaHJuJaTaTHBIM I'eHaM y JukBugaropon aBapuu Ha HADC u B KOHTpoOJIe

PuckoBBIM T'€HOTHII:

MHUHOpPHBIE ajijiesik B cautax XPD u (pyHKIIMOHAIbHBIE aJuieau reHOB G ST

- Bl , S KoHTpOIb IeH CaliTbl I'en Caiitel I'en | CaiiTel
98 xypcaHTOB YRCCI C589T SOD2
‘ L ' GSTMI | Ins/Del G1996A C47T
> Vosirt | msper| [EB[12251G] | car | 121a
T3so1c | JERCCOLGROAN "~/ - [ 120t
JIMKBUIATODHI : cYPidl | Teoe 7" G262T
84 yenosexa ! Lo ERCCY | 135ac | [mrmrr
V== APIEI | T444G
lII‘vvrn1n1 nnnnn — I 1n52 {-}215(:

" e " A 7 A
Hy1eBOH" IO 000UM JIOKycaMm YHCI0 MHHOPHBIX

annenceu B caurax XPD

=100 D] 82 B3 W4 ey

"

O
O "mooXUTSTBHBIN" IO OTHOMY H3 JIOKYCOB
B "non0KUTEIbHBINH" IO 000UM JIOKycaM

Kounrpojib

JInkBuaaTOPHI Konrpoan JInKBuaaTOpPHI



BKoHTpOTH (96) 0,0021+0,0003
B THKBHIATOPHI (83) |:> 0,0071+0,0006

[ U N

1o Tecty MaHHa- YUTHH
Y - ROC-kpuBas

YacTtoTta, %

100-SP, %

| - N B = = B
0-0.0025 0.005- 0.0075- 0.01- 00125- 0015- 0.0175- 0.02-
00035 RO0NTS 0.01 00125 0015 0.0175 002 00225

[Ipumem 3a rpaHUYHOE 3HAYECHUE
«TOBBIIIEHHOTO YPOBHS abeppariuii»




KoHTpomnb

JInkBUIATOPBHI

Yacrora puckoBoro resorumna, %

Yacrora
PHCKOBOIO
resoruna, %

SE, %

90.0

JINKBHIATOPBI

SP, % AUC

43.4 0.67
63.2 0.70

Yro ectb HOpMA?
bornee monoBrUHBI U3 HAC

MIPEAPACTIIOI0XKEHBI K TTIOBBINIEHHOU
qacToTe abeppaluii XxpoMocom!

KoHTpo.1b

OR

6.9
5.6

0.008
0.002




U ellle pa3 HANOMHIO - He ORoM eIMHbIM!

Heo0xonuMo OI€eHMBAaTh, YyBCTBUTEIBLHOCTh, OTHOCUTEJILHBIN PHUCK U
IMPOTrHOCTUYECKYIO A(PEeKTUBHOCTH Mapkepa (Berauciisitb AUC )

Xopomnii ki1accuukarop — 3To korga OR>5, a yacToTa MapKepa He
menee 30%

[Ipu OR<2.5 mapkep SBJISETCS 3aBEAOMO IIJIOXUM KJIacCU(PUKaTopoM
(AUC<0.6 npu 1r00bIX YacTOTax 3a00jIeBaHUs U MapKepa)

Penkue myTamuu - Mmanos(pheKTUBHbIC KilaccuukaTopsl. Eciau yactora
Mapkepa Maja (P,,<0.2p,, ), TO porHocTHYeCcKast 3GPEKTUBHOCTH TECTa
KpalHe HU3Ka Jaxe npu OR>>1

He Hamo nymars nmpo OR, 94TO OTHOCUTENBbHBIN pUCK. OnieHuTe RR Kak
OR/(1-p,tp,  OR)

Eciu BBl HCTIONTB3yeTE MapKep, 4aCTOTa BCTPEYaeMOCTH KOTOPOTO paBHA
Pyp» TO 1yBCTBUTEILHOCTh TECTA HE TPEBBINIACT p, - OR, a crienupuuHoCTh
TeCTa CKOpew Bcero Oyzer pasna 1-p,,



