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Prognostic value of markers in associative genetics
H. Ehyakonandeh, L.A. Atramentova

The article presents an algorithm for genetic-statistical analysis of a rare chronic disease with a hereditary
predisposition. The results of genotyping obtained by one of the authors by the method of associative genetics were
used. Multiple sclerosis is a disease with a hereditary predisposition. At present, the association of multiple sclerosis
and a large number of genes has already been discovered, but the genetic control is not completely clear. An important
step in combating the disease can be preventive measures among groups of people with hereditary predisposition. In
this article, using the example of the C677T genetic polymorphism of the MTHFR gene, we show how to determine the
effectiveness of identifying individuals at increased risk. Multiple sclerotic patients (n=180) and healthy (n=231)
residents of southern Iran were examined by one of the authors previously. Based on these data, population-genetic
indicators and statistical characteristics of the test were calculated. The distribution of genotypes in healthy people:
CC—-65%, CT—29%, TT — 6 %, in patients with multiple sclerosis CC — 35 %, CT — 46 %, TT — 19 %. The major
allele in the population of southern Iran is C (pc= 0.797; qr= 0.203). The frequency of the minor T allele is doubled in
the group of patients compared with healthy ones (qr= 0.419). The T allele is considered to be provocative; the allele
C is protective. The CC genotype reduces the likelihood of multiple sclerosis by almost half compared with the empirical
risk. In heterozygotes of CT, the risk is increased by more than one and half times, in homozygotes of TT more than
three times. 95 % CI confidence intervals for the OR odds ratio indicator are: CC (0.19-0.44), CT (1.36-3.10), TT
(1.99-7.61), CT + TT (2.29-5.21). The statistical characteristics of the test indicate its low power when used in
screening programs. The sensitivity when testing carriers of the T allele (CT + TT genotypes) is 65 %. The very low
prognostic value of a positive test makes it inappropriate to use for screening, but this test may be useful in individual
genetic counselling for patients with multiple sclerosis, as well as their relatives. The analysis scheme can be used in
other studies of traits with a genetic component.
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Introduction

Multiple sclerosis is a complex neurological disease that affects the central nervous system resulting
in debilitating neuropathology. Pathogenesis is primarily defined by inflammation and demyelination of
nerve axons. Although multiple sclerosis was first described in patients over 150 years ago, the exact
etiology and pathogenesis of the disease remain unclear. There are certainly immunological factors, which
are involved in the disease pathogenesis. However, epidemiological studies suggest that still unknown
genetic factors also can contribute to the etiology of this disease. The precise etiology of multiple sclerosis
remains elusive with a complex interplay between environmental factors, genetic susceptibility, and age-
dependant exposure to viral infection (Levin et al., 2005).

Genetic predisposition has long been suspected in the etiology of this disease. At present, its
associations with a large number of genes have already been discovered, but the genetic control is not
completely clear. An important step in combating the disease can be preventive measures among groups
of people with hereditary predisposition. The association between MTHFR polymorphisms and multiple
sclerosis has been investigated in different ethnic groups (Alatab et al., 2011; De Marco et al., 2002;
Jonasdottir et al., 2003; Fekih Mrissa et al., 2013; Klotz et al., 2010). The association between MTHFR
C677T variants and multiple sclerosis has been revealed in the southern Iranian population
(Naghibalhossaini et al., 2015). We used these results to continue the analysis in terms of population
genetics and examined whether this polymorphism can be used in a screening programs and in the genetic
counseling.

Materials and methods
The distributions of genotypes in the groups of patients and healthy people were compared using
the criterion y2:
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n+1 and nz2 — the number of observations in the compared groups (N = n1 + n2), frand f2 — the number of genotypes in
the compared groups, df — the degree of freedom, k — the number of classes.

The coefficient of association r between allele and disease was calculated as:

e ad —bc _
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a — the number of T alleles in the group of patients, b — the number of C alleles in the group of patients, ¢ — the number
of T alleles in the group of healthy people, d — the number of C alleles in the group of healthy people, n — the total
number of alleles in two groups, df — the degree of freedom.

Allele frequencies pc and qr were calculated as:

2ncc+ncer 2nrr+ncr

pc=

= cgQr=
2(n¢ct+ner+nrr) 2(n¢e+ner+nrr)
n — the number of the genotype.

The odds ratio (OR) was calculated:
ad

OR =—
bc

a — the number of patients with the predisposition genotype, b — the number of patients without the predisposition
genotype, ¢ — the number of healthy people with the predisposition genotype, d — the number of healthy people without
the predisposition genotype.

The confidence interval (Cl) of OR was carried out in the logarithmic scale.
CI: InOR = tsinor
t — the Student coefficient (for 95 % CI t = 1.96), sinor — the statistical error for INOR.

The statistical error INOR was calculated as:

The spmor was used to obtain the 95% confidence interval of InOR.
The limit values of the confidence interval INOR were converted to the boundary values of the confidence
interval OR by a back procedure: exp INOR (Armitage, Berry, 1994).

The index of sensitivity (Sen) and specificity (Spe) of the tests was calculated using the formulas:

d
, Spe = ——
a+c b+d

Sen =

The prevalence of multiple sclerosis obtained from (Izadi et al., 2015) is used for the calculations of
the follow statistical characteristics. The calculation of the prognostic value of the positive result (PVP) and
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the prognostic value of the negative result (PVN) was carried out according to the formulas (Atramentova,
2015):

£ S
prp=—% . pyv=_94" .
a+b* c+d*
b*:bbd(N*—a—c).N*=a+c;d*zN*(l—;z)—b*
+ 1]

a — the number of patients with the test genotype, b — the number of healthy people with the test genotype, ¢ — the
number of patients without the test genotype, d — the number of healthy people without the test genotype.

Results and discussion

The group of healthy people due to the negligible prevalence of multiple sclerosis (Izadi et al., 2015)
can be considered as a sample from the whole population. In the group of patients, the proportion of CC
genotype is almost two times less than in the group of healthy people. The number of patients with CT
genotype is one and a half times more than in the control group, the number of people with TT genotype is
three times more than in control group, so the presence of the T allele in the genotype is considered as an
indicator of increased risk for multiple sclerosis in the population of southern Iran.

The major allele in the Iranian population is C (pC = 0.797). The frequency of the minor allele T in
patients (qT = 0.419) is two times higher than in the group of healthy people (qT = 0.203; table 1). The
distribution of genotypes in this group corresponds to the Hardy — Weinberg equilibrium.

Table 1.
The distribution of genotypes in the groups of healthy people and patients

N Genotypes Allele frequencies
Group Index Total cC CT T C T
Control n (%) | 231(100) | 150 (65.0) | 68(29.4) | 13(5.6) 0.797 0.203
Patients n (%) | 180 (100) 63 (35.0) 83 (46.1) | 34 (18.9) 0.581 0.419
Relative risk 0,54 1,57 3,38 ra=0.23
Iy _ . L2 } X% 0,001 (1=10.8
Statistics X? 0,001 2=13,8; x?=40,6; p<0,001 X?=45.1; p<0,001

*Naghibalhossaini et al., 2015.

The prevalence of multiple sclerosis can be considered as an empirical risk for this disease if there
is no other information. The risk changes if new information appears. CC genotype reduces the likelihood
of the disease in comparison with the empirical risk almost twice (0.54, table 1). TT genotype increases the
likelihood 3.38 times compared with empirical risk. In heterozygotes (CT) the probability of the disease is
increased by 1.56 times. Thus, the T allele is considered to be provocative for multiple sclerosis, and the C
allele is protective.

Table 2.
Odds ratio for different genotypes
Test genotype a b c d OR InOR Sinor 95% CIInOR | 95% CI OR
cC 63 | 150 | 117 | 81 | 0.29 | -1.24 0.21 -1.65--0.83 | 0.19-0.44
CT 83 | 68 | 97 | 163 | 2.05 0.72 0.21 0.31-1.13 1.36 — 3.10
TT 34 | 13 | 146 | 218 | 3.91 1.36 0.34 0.69 — 2.03 1.99 — 7.61
CT+TT 117 | 81 | 63 | 150 | 3.44 1.24 0.21 0.83 - 1.65 2.29-5.21

a — the number of patients with the test genotype, b — the number of healthy people with the test genotype, ¢ —
the number of patients without the test genotype, d — the number of healthy people without the test genotype, OR — the
odds ratio, sinor — the statistical error of INOR, Cl — the confidence interval.
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Given that the probability of disease in heterozygotes CT is half that the probability of homozygotes
TT it can be argued that the interaction of these alleles exhibits a half-dominant effect or incomplete
dominance with regard to multiple sclerosis. Since the presence in the genotype T allele increases the risk
of multiple sclerosis, we combined these two genotypes (CT + TT) and designated this common group as
a group of increased risk for multiple sclerosis. The individuals with the CC genotype are designated as the
anti-risk group.

Confidence intervals of OR do not include 1 (table 2), so all indices are statistically significant
(p<0.05). Therefore, MTHFR C677T polymorphism can be used as a marker of genetic
predisposition to multiple sclerosis. The statistical characteristics of the test were calculated in order to
estimate the predictive value of this polymorphism. The prevalence of multiple sclerosis in this population
(rm=0.000721, Izadi et al., 2015) was used for further calculation.

The sensitivity of this test is rather low. The test for homozygote genotype TT reveals only 19 %
individuals, which have the hereditary predispositions to multiple sclerosis, and the test for heterozygosity
reveals 46 %. The T-allele in whole without taking into account the genotype identifies 65 % of potential
patients (table 3).

Table 3.
Statistic characteristics of tests
- Genotype
Characteristics T CT TTYCT

™ =0.000721*

Index of sensitivity, % 18.9 46.1 65.0
Index of specificity, % 93.2 70.6 64.9
Prognostic value of positive result, % 0.24 0.1 0.13
Prognostic value of negative result, % 99.9 99.9 99.9

1 — prevalence of multiple sclerosis in southern Iran, *— Izadi et al., 2015.

The prognostic value of the positive result is negligible (less than 1 %) and is of no practical value.
High prognostic value of the negative result (> 99.9 %) is of no practical significance as well (table 3). Thus,
the using of this polymorphism for screening has no practical value. Nevertheless, this polymorphism can
be useful in the individual genetic counseling of the multiple sclerotic patients and their relatives. The
analysis algorithm described in the article can be used to study a variety of traits with a genetic component
and diseases with a hereditary predisposition.
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MporHocTu4yHe 3HaYeHHA MapKepiB B acouiaTUBHIN reHeTULi
X. ExbsikoHaHaeX, J1.0. ATpameHTOBa

B cratTi npeactaBneHo anroputM reHEeTUKO-CTaTUCTUYHOIO aHanidy piakiCHOro XPOHIYHOro 3axBOPKOBaHHS i3
CNagKoBOK CXWUMbHICTIO. BUkopucTaHi pe3ynbTaTv reHoTUnyBaHHs, O4epXaHi 0OqHUM 3 aBTOPiB METOAOM acoLMaTUBHOT
reHeTukn. [JocnigpkeHi XBopi Ha pPO3CisiHUA CKNepo3 Ta 340pOBi MeluKkaHUi niBaeHHoro IpaHy. Po3scisiHuin cknepos —
3aXBOPIOBAHHSA i3 CNaJKOBOI CXUIbLHICTIO. [JO TENepiLlHbOro Yacy BXe BU3Ha4veHi Moro acouiauii 3 BEMNUKOIO KinbKicTio
reHiB, OfHaK reHEeTUYHUA KOHTPOSb OCTaTOYHO LWe He 3'acoBaHo. Baxnueum etanom nNpoTudii 3aXBOPIHOBaHHIO 3
FEHETUYHOIO CXMIBbHICTIO MOXYTb OYyTV npodinakTnyHi 3axoau cepeq ocib NiABULLEHOro pu3uKy. Y AaHin cTtaTTi Ha
npuknagi reHetmyHoro nonimopdismy C677T reHa MTHFR nokasaHo, sk 3'9cyBaT e(peKTUBHICTb BUSIBNEHHS OCI0
3 NigBULLEHNM PU3UKOM [0 3aXBOPIOBAHHS, BUKOPWUCTOBYIOMM 3HaWAEHi acoujauil 3axBOpPIOBaHHA 3 reHeTUYHUM
mMapkepoM. Bynu BukopucTaHi pesynbTati reHotunyBaHHa 180 XBOpWX Ha po3CissHUA cknepos i 231 300poBOro
iHavBiga. 3a UMMM gaHUMK po3paxoBaHi NONynNSAUIMHO-TEHETUYHI MOKA3HWKN i CTATUCTUYHI XapaKTEPUCTUKU TECTY.
Posnogin reHoTtunie y 3goposux nogen: CC — 65 %, CT—29 %, TT—6 %, y xBopux Ha po3acisHui cknepo3 CC — 35 %,
CT — 46 %, TT — 19 %. MaxopHuMm anenem B nonynsuii nisaeHHoro IpaHy € C (pc= 0,797; qr= 0.203). YacTtoTa
MiHOpHOro arnens T migBuLieHa B rpyni XBOpPWX y MOPIBHSHHI 3i 3gopoBumu B gBa pasn (qr=0.419). Anenb T
pO3rnsaAacTbCs K NPoBOKaTMBHMN, anernb C € npoTekTnBHUM. 'eHoTun CC 3HWKY€E MMOBIPHICTb PO3CISIHOrO CKNeposy
Maike B ABa pasv B MOPIBHSHHI 3 eMnipyuyHnUM pusukoMm. Y reteposuroT CT puank 30inblueHnid y nmiBTopa pasm,
y romo3urot TT — B Tpu pasu. [osipui iHTepBanu 95 % C/ ana nokasHuka BigHoweHHs waxciB OR cknagatote: CC
(0,19-0,44), CT (1,36-3,10), TT (1,99-7,61), CT + TT (2,29-5,21). YyTnuBicTb Npu TeCTyBaHHi Ha HasiBHICTb anens T
B reHoTuni (CT + TT) ctaHoBUTb 65 %. [yxe HU3bke NPOrHOCTUYHE 3HAYEHHS NO3UTUBHOTO TecTy (MeHwe 1 %) pobuTb
HedoLiNMbHUM NOro BUKOPWCTaHHS AN MacoBOrO CKPWHIHIY, ane uen TecT Moxe 6yTn KOpUCHUM Npu iHAMBIgyanbHOMY
reHeTUYHOMY KOHCYNbTYBaHHI MauieHTiB 3 PO3CiAHUM CKINepo30oM, a Takox ixHiX poauyi. Cxema aHanisy moxe 6ytu
BMKOPUCTaHA B iHLUMX JOCNIIKEHHAX O3HAK 3 FeHETUYHOIO KOMMOHEHTOHO.

KnrouoBi cnoBa: eeHemuyHul rnoniMopghiaMm, acoyiamueHa eeHemuKa, cmamucmuyHi Xxapakmepucmuku mecmy.
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NMporHocTUyeckoe 3Ha4YeHUe MapKEPOB B aCCOLMAaTUBHOM reHeTUKe
X. OxbsAkoHaHgeX, JI.A. ATpameHTOBa

B cratbe npeactaBneH anroputM rEHETUKO-CTAaTUCTUYECKOTO aHanmsa peakoro XpoHudeckoro 3abornesaHus
C HacneacTBEHHOW NPeapacnonoXeHHOCTLI0. Mcnonb3oBaHbl pesynbTaTel reHOTUNUPOBaHNSA, MOyYEeHHbIE OAHUM U3
aBTOPOB METOLOM accouMaTUBHONM reHeTukn. MiccnegoBaHbl 60bHbIE PACCESHHBIM CKIEPO30M U 300POBbIE XUTENU
toxxHoro MpaHa. PaccesHHbIN cknepo3 — 3aboneBaHne C HacneacTBEHHON NpeapacnofioKeHHOCTbo. B HacTosiwee
BpeMs yXe OOHapyxeHbl ero accouuaumm C OOMbLUMM KOMMYECTBOM FEHOB, OAHAKO FEHETUYECKUN KOHTPOIb
OKOHYaTenbHO elé He BblACHEH. BaxHbIM 3TanoM MpoTUBOAEWCTBUS TakuMm 3aboneBaHusiM MOryT ObiTb
NPoUNaKTU4YECKNe MEepONpUATUA cpeam Nuu, NOBLILLEHHOro pucka. B faHHOW cTatbe Ha npuMepe reHeTU4ecKkoro
nponumopduama C677T reHa MTHFR nokasaHo, Kak BbIICHUTb 3h(EKTUBHOCTb BbISIBIIEHWS rPYNMbl NOBbILLEHHOrO
pucka. AHanu3 BbINOMHEH Ha AaHHbIX 0 reHoTMnax 180 6orbHbIX paccesiHHbIM Cknepo3om 1 231 300poBOM UHAMBUAE
M3 HaceneHuns toxHoro WpaHa. PaccunTtaHbl NOMynsuUMOHHO-TEHETUYECKME MoKasaTenu u cTaTUCTUYECKME
XapakTepucTuku Tecta. PacnpeneneHne reHoTMnoB y 3qopoBbix nogen: CC — 65 %, CT—29 %, TT —6 %, y 60nbHbIX
paccesiHHbIM cknepo3oM CC — 35 %, CT — 46 %, TT — 19 %. MaxopHbiM annenemMm B nonynsiuum toxxHoro MpaHa
ansetca C (pc= 0,797; gr= 0,203). Yactota MMHOpPHOro annens T noBbllleHa B rpynne 60MbHbIX N0 CPaBHEHMIO CO
3gopoBbiMu B ABa pasa (qr=0,419). Annenb T paccmaTpuBaeTCsl Kak NpPOBOKaTWMBHbINM, annenb C aBnsercs
npoTekTnBHbIM. 'eHoTun CC CHWXaeT BEepOSiTHOCTb PacCesiHHOro CKrepo3a MoYTW B ABa pasa Mo CPaBHEHWUIO C
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aMnupuyeckum puckom. Y reteposurotr CT puck yBenundeH B Montopa pasa, y romosurotr TT B Tpu pasa.
HoBepuTenbHble uHTepsansl 95 % Cl gna nokasaTtens oTHoweHue waHcoB OR coctasnsioT: CC (0,19-0,44), CT
(1,36-3,10), TT (1,99-7,61), CT+TT (2,29-5,21). YyBCTBMTENLHOCTL MPWN TECTUPOBAHWUN Ha MPUCYTCTBUE B FEHOTUNE
annens T (CT+TT) coctaBnseT 65 %. O4YeHb HU3KOE MPOrHOCTUYECKOE 3HAYEHME NONOXUTENBHOro Tecta (MeHee 1 %)
Jenaet HeuenecoobpasHbiM €ro MCnofnb30BaHWe AONS1 CKPMHWHIA, HO 3TOT TeCT MOXEeT OblTb MOMesHbIM Mnpu
WHOMBUAYanbHOM [EHETUYECKOM KOHCYNMbTUPOBAHUWM MaUMEHTOB C paccesHHbIM CKNEpo3oM, a Takke WX
poAcTBEHHMKOB. CxeMa aHanm3a MOXeT ObiTb Mcnonb3oBaHa B APYrMX UCCIEAOBaHWSIX MPU3HAKOB C FeHETUYECKUM
KOMMOHEHTOM.

KniouyeBble cnoBa: z2eHemu4yeckul I'IOHUMOpd)U:iM, accoyuamueHasa eeHemuka, ceeHemuKo-cmamucmu4yecKkue
Xapakmepucmuku mecma.
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