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Molecular genetic data in terms of associative and population genetics
L. Atramentova, H. Ehyakonandeh

In studies on associative genetics of various multifactorial diseases, it is most often found that the minor allele’s
frequency in the group of patients is higher than in the group of healthy people. Due to reduced adaptation, the minor
allele manifests itself as a disease. In the group of patients, the number of homozygotes by major allele is reduced,
the number of heterozygous carriers of the provocative allele is increased, and the frequency of homozygotes by the
provocative allele is significantly increased. The aim of this article was to analyze the unusual result for SNP 1298A/C
of the MTHFR gene in multiple sclerosis, previously obtained by one of the authors. The allele frequencies in the
control group and in the group of multiple sclerosis do not differ, but the distribution of genotypes in the patients does
not correspond to the Hardy—Weinberg ratio in compare to healthy people. Among patients, the number of
heterozygotes is increased and the number of each homozygote is decreased. The increase in the proportion of
heterozygotes can be explained by the presence of one provocative allele, but the large shortage of homozygotes for
the minor allele is unclear. To explain this fact, the composition of the group of patients was analysed. The patients
are of different ages, this group is heterogeneous in sex and form of multiple sclerosis, but none of these indicators
has not be taken into account in the analysis of the distribution of genotypes. The age of the disease is a diagnostic
sign and may depend on the genotype. The manifestation of multifactorial diseases depends on gender as well.
Clinical forms of the disease usually have a different genetic basis. Due to the neglect of these conditions, a
genetically heterogeneous group is formed, and any result, difficult for explanation, can be obtained. The lack of CC
genotypes may be due to increased mortality, which reduces the probability of patients to be investigated in the
sample. These facts once again indicate the need to form homogeneous groups for research on associative genetics.
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Introduction

Associative genetics typically uses a case/control pattern. The most important condition for
a reliable conclusion from such is an investigation of representative samples. When forming a group of
patients and a control group, their comparability by sex, age, ethnic origin, and lifestyle must be ensured.
When it comes to multifactorial pathological signs with varying age of manifestation, the formation of
comparable groups becomes especially difficult. In such research works, the most frequent errors are
generated as a result of incorrect methodology which distort the result. A frequent drawback of many
works on associative genetics is the use of biased samples. Usually they are heterogeneous by gender,
age, origin of group members, and the variance of these indicators in the compared groups does not
coincide. When characterizing the groups being compared, authors often only state their comparability,
without giving any numerical characteristics, or giving only fragmentary information from which it is
impossible to make an idea of the true state of affairs. It is known from practice that a group of patients is
usually more heterogeneous in age and the statement about the equality of middle age and/or other
biologically important indicators is not a serious argument for the methodological correctness of the study.
The distribution of subjects by gender is also a big problem. Usually in the main group, the proportion of
men and women reflects this ratio in the population. In the control group, this ratio is determined by the
unequal willingness of healthy men and women to participate in the study.
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It is not difficult to perform a formal genetic analysis according to molecular genotyping data, but it
can be difficult to explain the result obtained in such samples. This also raises the question of the
reliability of the source data. The analysis of the questions that arise when reading articles devoted to the
description of the results of molecular genetic analysis was the aim of this article.

Materials and methods

For the analysis, we used the results of genotyping by SNP 1298A/C of the MTHFR gene obtained
by one of the authors of this article (Naghibalhossaini et al., 2015). 180 patients with multiple sclerosis
and 186 healthy residents of southern Iran were examined. The algorithm of genetic-statistical analysis
was described in our previous work (Ehyakonandeh, Atramentova, 2020). The prevalence index of
multiple sclerosis obtained from (lzadi et al., 2015) was used in calculations of some statistical indicators
(Atramentova, 2015).

Results

The frequency distribution of genotypes in the group of patients with multiple sclerosis differs
significantly from the distribution of genotypes in the control group (table 1). The number of AC
heterozygotes in this group is almost one and a half times higher than the control value (68 % vs 46 %),
and the proportion of homozygotes is reduced: AA is almost one and a half times (29 % vs 42 %), CC is
more than four times (3 % vs 12 %). The frequency distribution of genotypes in the control group ideally
corresponds to the Hardy—Weinberg proportion (p?aa: 2pgac: g%cc).

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

Genotypes 1298A/C

Group Index AA AC cC Total
n* 79 85 22 186
Control % 425 457 11.8 100
95% ClI 35.6 — 49.7 38.7-52.9 7.9-173
n* 53 122 5 180
Patients % 29 4 67.8 238 100
95% ClI 23.3-36.5 60.6 — 74.2 10-65
A 11.44 11.48 14.21
RR 0.69 1.48 0.24

* — Naghibalhossaini et al., 2015, Cl — confidence interval, RR — relative risk, A — change from control, | — decrease,
1 —increase.

Allele A is the major one in the population of southern Iran. Allele frequency ratio (pa = 0.653, qc =
0.347) significantly differs from the 1 : 1 ratio (p < 0.05), that may indicate the adaptive disambiguity of
these alleles with a selective advantage of one of them, although the drift of genes cannot be ruled out.
Though the allele frequencies in patients were almost the same as in the control group, the distribution of
genotypes did not correspond to the Hardy—Weinberg proportion.

Table 2. The allele frequencies

Group Allele Frequency 95 % CI
Control A 0.653 0.604 — 0.700
C 0.347 0.300 — 0.397
Patients A 0.633 0.582 —0.682
C 0.347 0.319-0.418

Cl - confidence interval.
Confidence intervals indicate the significance of all calculated odds ratio (OR) (table 3).
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Table 3. Odds ratio for different genotypes

Testing a b ¢ d OR InOR smor 95%CIINOR  95% CIOR
genotype
AA 53 79 127 107 0565 —0571 022 -1.011.-0131 0.36—0.88
AC 122 85 58 101 2500 0916 022 0476—1.356 1.61—3.88
cC 5 22 175 164 0213 -1532 051 -2.552...-0.512 0.08—0.60
AA+CC 58 101 122 85 0400 -0.916 022 —1.356...-0476 0.26—0.48

a — the number of patients with the testing genotype, b — the number of healthy people with the testing genotype, ¢ —
the number of patients without the testing genotype, d — the number of healthy people without the testing genotype,
OR - the odds ratio, simor — the standard error of INnOR, CI — the confidence interval.

The RR value shows how much the risk of the disease is changing for the given genotype in
comparison to the empirical risk (17) calculated as mRR. So, if we assume that the empirical probability for
a resident of southern Iran to get multiple sclerosis is approximately 0.072 %, then the risk for AA and CC
genotypes is reduced, and for the genotype AC is increased. The feasibility of using this method for
screening programs can be estimated based on the statistical characteristics of the test (table 4).

Table 4. Statistic characteristics of the tests

. Genotype
Characteristics A CC ac
Prevalence, = 0.000721*
Index of sensitivity, % 40.2 18.5 58.9
Index of specificity, % 59.8 81.5 411
Prognostic value of positive result, % 0.05 0.03 1.2
Prognostic value of negative result, % 99.91 99.92 99.95

*|zadi et al., 2015

As can be seen, the prognostic significance of the results of testing the genotype for polymorphism
1298A/C of the MTHFR gene is very low, and this method is not advisable to include in screening
programs. Nevertheless, it can be useful for consulting patients when choosing a treatment method taking
into account the characteristics of the genotype, if any are found in special studies.

Discussion

In studies on associative genetics of various multifactorial diseases, it is most often found that the
minor allele’s frequency in the group of patients is higher than in the group of healthy people. This is not
surprising, since it logically follows from the fact of the minority of the allele, due to its reduced
adaptability, which manifests itself as a disease. In such cases, the minor allele is designated as
provocative, and the major one as preventive in relation to the studied disease. The change in allele
frequencies in the group of patients is caused by a shift in the ratio of genotypes compared to the control
group. In the group of patients, the frequency of heterozygotes with one dose of a provocative allele is
usually increased, and the frequency of homozygotes in the minor allele with two doses of a provocative
allele is even more increased. The frequency of homozygotes for the major preventive allele is lower than
in the control. This ratio of genotypes in the main and control groups is observed with the same viability of
all genotypes. The similar result was found for the SNP 677T7/C genotype of the same gene
(Naghibalhossaini et al., 2015).

With regard to the MTHFR gene described by SNP 1298A/C, an unusual result was obtained. The
allele frequencies in the control group and in patients with multiple sclerosis practically do not differ, but
the distribution of genotypes in the group of patients is unusual. Among patients, the frequency of
heterozygotes is increased and the frequency of both homozygotes is reduced. The formal phrase that
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the observed distribution of genotypes corresponds to a certain genetic model gives little to understand
this unusual result. It can be explained in different ways, for example by selection against heterozygotes.
In this case, heterozygotes are characterized by reduced fithess compared to both homozygotes. The
most famous example of the selection against heterozygotes is the hemolytic disease of newborns due to
the incompatibility of Rh-positive fetus and Rh-negative mother. The physiological mechanism of
hemolytic disease is well known, but how the reduced fithess of patients with the 1298AC genotype of the
MTHFR gene is formed is not yet clear. Another reason for the unusual distribution of genotypes in the
group of patients may be the uneven survival of patients with different genotypes (Fig. 1).

AA AC cC
Healthy Healthy
Healthy Deaths due to

multiple sclerosis
Multiple sclerosis

- - Multiple sclerosis
Multiple sclerosis P

Fig. 1. Scheme of population distribution and inclusion of patients in the sample

Following the logic described above, we assume that the major allele A of polymorphism 71298A/C
MTHFR is protective, and the minor C is provocative. Then in the group of patients we naturally expect
the percentage of AA homozygotes to be lower, and the percentage of AC heterozygotes and CC
homozygotes to be higher than in the control. Nevertheless, the result coincides with the expected only
partially and the patient sample seems to be truncated due to the lack of CC genotypes. It can be
assumed that the lack of CC genotypes is due to more severe manifestation of the disease with increased
mortality rate, which reduces the likelihood of patients with the CC genotype falling into the researcher's
field of vision. This explanation seems reasonable, since the increased mortality rate of patients with
multiple sclerosis is the well-known fact (Lunde et al., 2017).

The methodological problem of this study is probably non-comparable sex ratio in studied groups.
In the group of multiple sclerosis, women account for 74 %, and the sex ratio in the control group is not
indicated at all. Exposure to multifactorial diseases is known to be modified by sex. This means that the
genetic and statistical characteristics obtained in such samples are subject to a statistical artifact similar
to the long-known Simpson’s paradox (Armitage, Berry, 1994). Multiple sclerosis is an age-related
disease. Although the groups are heterogeneous by age, statistical indicators of the age distribution of
patients and healthy people are not indicated, namely age can be the cause of a shift in genotypes due to
differential survival of patients. It is important in terms of genetics that the studied group of patients is
phenotypically heterogeneous, it presents patients with three forms of multiple sclerosis: relapsing—
remitting multiple sclerosis (MS) — 128 (71 %), secondary progressive MS — 43 (24 %), primary
progressive MS — 9 (5 %). These forms of multiple sclerosis can be associated with various genetic
variants, therefore it is always important to ensure their maximum possible uniformity when forming
groups for genetic analysis.

When reviewing scientific publications, authors usually indicate that the results do not coincide. The
reason for this, as we see, may be in a different way of sampling, in particular, differentiation of the
clinical forms of the disease. As for the polymorphism 1298A/C, for a definitive answer to its role in the
disease of multiple sclerosis, it is necessary to conduct research on a well-organized sample.
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MonekynsipHO-reHeTUYHI AiaHi 3 TOYKU 30pYy acouiaTUBHOI Ta NONynsLUinHOI
reHeTUKun
J1.0. AtpameHToBa, X. ExbsikoHaHAex

Y pocnifKeHHsX 3 acouiaTUBHOI FeHEeTUKN MynbTUAAKTOPHUX 3aXBOPKOBaHb 3a3BM4Yan BUSIBNSETHCS, LIO 4YacToTa
pigkicHoro B nonynsauii anens B rpyni nauieHTiB BuUWa, HbK y rpyni 340poBux nofen. Yepes 3HKEHy
NPUCTOCOBaHICTb MIHOPHUI anenb NPOSIBMSETLCA $K xBopoba. Y Takmx Bunagkax pigkiCHMI anenb (OyHKUIOHYe siK
NPOBOKaTUBHUIN, @ 4YaCcTUM K NPOTEKTMBHMI. B rpyni nauieHTiB KiNbKiCTb roMO3WroT 3a 4YacTUM anernemM 3HWXeHa,
KINbKICTb reTepo3uroTHUX HOCITB MPOBOKaTMBHOrO anens 36inblieHa, avyactoTa romMo3uroT 3a MnpOBOKaTUBHUM
anenem cyTTeBo nigsuweHa. MeTtoto ctaTTi 6yno npoaHanisyBatu He3BuYHUI pe3dynbTtat woao SNP 1298A/C reny
MTHFR npwv po3cigaHOMY CKNeposi, OTpUMaHui paHiwle ogHuM 3 aBTopiB. YactoTa aneniB y KOHTPOSbHIN rpyni Ta y
XBOPUX Ha PO3CISHUIM CKMNepo3 He BiOpPI3HAETbCS, ane pOo3nodin reHoTUniB y nauieHTiB NOPIBHAHO i3 340pOBUMMU
nogbMu He Bignosigae cniseigHoweHHo Xapai—BanH6epra. Cepeq nauieHTIB KinbKicTb retepo3uroT 30inbLieHa, a
KiNTIbKICTb KOXHOI 3 rOMO3UroT 3MeHLWeHa. 30iMblUEeHHs] 4acTKM reTepo3uroT MOXHA MOSICHUTU HAsIBHICTIO OOHOro
NPOBOKaTUBHOIO arens, ane Benuka HecTaya romMo3uroT 3a MIHOPHVMM anenem € He3po3yMminot. Ons NosiCHEHHS
uboro hakTy npoaHanisoBaHO Cknaf rpynu nauieHTiB. Xoda nauieHTM MalTb Pi3HMIM BiK, rpyna HeopHopigHa 3a
cTaTTio i 32 POPMOIO PO3CITHOrO CKIEPO3y, KOAEH 3 NMOKa3HMKIB HE BPaxoBaHWI NPy aHanisi po3noginy reHotunis. Bik
MaHidecTauii 3axBOPIOBaHHSA € iarHOCTUYHOIO O3HAKOD i MOXe 3anexartu Bif reHoTuny. [posiB MynbTUdaKTOPHUX
3axBOpOBaHb 3anexutb Big ctaTi. KniHidHi opMn 3axBOpHOBaHHSA 3a3BuM4Yal MalTb Pi3HY FEHEeTUYHY OCHOBY.
BHacnigok HexTyBaHHA nepenidyeHnMyn ymoBamu OPMYETLCH FEHETUYHO HEOAHOpIAHa rpyna, Ha sk Moxe 6yTu
ogepxaHo 6yab-SKuni pesynbTaT, WO BaXKo noscHUTU. Hectava reHotunie CC moxe 6yt obymoBneHa niaBULLEHOD
CMEPTHICTHO, L0 3MEHLLYE MMOBIPHICTb NOTPaNmsHHA NauieHTiB y BUOipKy. MpoBeaeHuin aHanis we pa3s cBiguntb nNpo
HeobXigHICTb ANs reHeTUYHOro AocChiaXeHHs hopMyBaTH OAHOPIAHI rpyny NauieHTiB.

Knto4oBi cnoBa: po3scigHuti cknepos, SNP 1298A/C MTHFR, acouiamusHa seHemuka, Memo0orioeis Hayku, Ou3aliH
docnidxeHHs, popmysaHHs 8ubipku, npupodHuUl 0obip, pisHosaza Xapdi—BaliHbepaa.
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MoneKynﬂpHo-reHeTqucxue AaHHbIe C TOYKHN 3peHnsA accouMaTUBHOMU U

nonynaunoH HOW reHeTUKU
J1LA. ATpameHToBa, X. ExbikoHaHAaex

B nccnegoBaHmnsx no accoumMaTvBHON reHeTuke MynbTUakTopHbIX 3aboneBaHuin 06bIYHO OKa3biBaeTCs, YTO YacToTa
peakoro B MOMynAuMW annens B rpynne nauveHToB Bbille, YeM B rpynne 3[40poBbIX Niofgen. M3-3a noHvwkeHHoN
NPUCNOCOBNEHHOCTM MUHOPHBIA  annenb nposiBnseTcd Kak OGonesHb. B Takux cnyyasx pegkui  annenb
bYHKLUMOHMPYET Kak MPOBOKATMBHbLIN, @ YacTbI Kak NPOTEKTUBHLIWA. B rpynne naumMeHTOB KONMYECTBO FOMO3WUIOT MO
YaCcTOMYy anmnernto CHUXEHO, KONMYEeCTBO reTepo3nroTHbIX HOCUTENEN NPOBOKaTMBHOIO annens yBenM4eHo, a YacTtoTa
rOMO3MroT MO NPOBOKATMBHOMY annenio CyLleCTBEeHHO mnoBbliweHa. Llenbio ctatbnm 6bINno npoaHanusuposaTtb
HeoObluHbIA pe3ynbTaT no SNP 1298A/C reva MTHFR npu paccesiHHOM ckrnepose, NOoMyYeHHbI paHee OfHUM U3
aBToOpoB. YacTtoTa annenem B KOHTPOSbHOM rpynne n Yy GOMbHbIX pacCesHHbIM CKMEepo30OM He OTNn4YaeTcs, HO
pacrnpegeneHne reHoTunoB Yy NaLWeHTOB MO CPABHEHWIO CO 300POBLIMU MOAbMW HE COOTBETCTBYET COOTHOLLUEHMIO
Xapaun-BainH6epra. Cpean naumeHTOB KONWYECTBO reTepo3vroT YBENMYEHO, a KONMMYECTBO KaXdoW M3 romMo3urot

Cepisn «Bionorisi», Bun. 36, 2021p.
Series “Biology”, issue 36, 2021



m MonekynsipHO-reHeTUYHi AaHi 3 TOYKU 30py acoLuiaTUBHOI Ta NONyNALINHOI FTeHETUKN
Molecular genetic data in terms of associative and population genetics

YMeHbLUEHO. YBenuyeHne [Onu reTeposnurotr MOXHO OOBSACHWTb HamMuuMeM OOHOrO NPOBOKAaTMBHOIO anmnens, Ho
HonbLuas HexBaTka roMO3UroT N0 MUHOPHOMY anmnento HenoHsATHa. [na o6bscHeHUs1 3Toro dhakTa NpoaHanu3npoBaH
CoCTaB rpynnbl NauneHToB. XOTS NauMeHTbl UMET pasHbi BO3pacT, rpynna HeOAHOPOAHA Mo Mony v no dopme
paccesiHHOro CKrnepo3a, HM OAWH W3 Mokas3aTenew He yyTeH Npu aHanuse pacnpegeneHus reHotunos. Bospact
MaHudecTauun 3aboneBaHnsa SBNAETCA AMArHOCTUYECKMM NMPU3HAKOM M MOXET 3aBuUCeTb OT reHotuna. MNposieneHve
MyNbTU(AKTOPHbIX 3aboneBaHui 3aBUcuUT OT nona. KnuvHudeckue dopmbl 3aboneBaHnsa oObIYHO MMEKT pasHyto
reHeTu4yecKkylo OcHoBy. Bcneactsue npeHebpexxeHns nepeyncrieHHbIMW YCroBMAMU (DOPMUPYETCH FeHEeTUYECKM
HeogHopoAHas rpynna, Ha KOTOpow MOXeT ObITb NonyyeH NboN pedynbTaT, KOTOPbLIN TPyAHO 06bACHMTL. HexBaTka
reHotunoB CC moxeT ObiTb 00ycrnoBneHa MOBbILLEHHON CMEPTHOCTBIO, YTO YMEHbLUaeT BEPOSATHOCTb MonagaHus
nauneHToB B BbIGOPKY. NpoBeAeHHbIN aHanu3 ele pa3 CBMOETENbCTBYET O HEOOXOAMMOCTU ANA reHeTUYecKoro
ncecnenosaHna OpMMpoBaTh OAHOPOAHbIE rPYMMbl NALUEHTOB.

KnioueBble cnoBa: paccesiHHbil cknepo3, SNP 1298A/C MTHFR, accoyuamueHasi eeHemuka, mMemodosnoausi
Hayku, dusalH uccredosaHusi, popmuposaHue 8biIbOPKU, ecmecmeeHHbIlU ombop, pasHosecue Xapou-BatiH6epea.
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